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The metric system is used to describe weights and measures. It is a decimal 
system -- units are consistantly named to reflect multiplication or division of 
the basic unit by some power of 10 (10, 100, 1000, etc.). The two basic 
defined units of this system are the meter and the kilogram. All other units 


(volume, area, etc.) are calculated based on these two. 


Metric measurement is the standard for scientific communication worldwide. It 
has been selected in preference to many other systems including the English 
system of measures which is in common use in the United States. Below is a 
table which will help readers of this Risk Assessment understand the metric 


numbers presented throughout the text. 


ABBREVIATIONS 
(Metric and English) 


ac = acre kg = kilogram mi = milliliter 
ce = cubic centimeter km = kilometer mm = millimeter 
cm = centimeter = seinen ppm = parts per 
ft = Loot b= pound million 
g = gram m = meter oz = ounce 

ha = hectare mg = milligram qt = quart 

in = inch mi = mile um = micrometer 

CONVERSIONS 
Length: 

METRIC to ENGLISH ENGLISH to METRIC 
eke C100 G%im), We== es Ono 2 dams tind a=—— OSs km 
1m == 39.377 an 1 ft == 0.305 m 
1 cm (.01m) ==s Orso tein iin == 92.54 8em 
1 mm (.001m) ==n OOS Oe wiry 
1 um (.000001m) == 0.000039 in 


Mass / Weight: 


1 kg (1,000 g) == 2.2046 1d 1 1b == 453.592 g 
ie ==) O03 5u0z POZE =" 2Oous oe 
Tene CyvOOd. py == 0.000035 oz 

1 ug (.000001 g) = 0.000000035 oz 

Others: 

if Gb == 94 0565q%) (liaguid) dimdtess te tsorat 

1 ha ==0) 2,471 ac tae n== 0. /00ha 

1 kg/ha == Ono Lb/ac ieib/face== hit 2) key ha 
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This publication reports research involving pesticides. All uses of 
pesticides must be registered by appropriate State and/or Federal agen- 
cies before they can be recommended. 


CAUTION: Pesticides can be injurious to humans. 
domestic animals, desirable plants. and fish or other 
Wwildhite—if they are not handled or applied prop- 
erly. Lse all pesticides selectively and caretully. 
Follow recommended practices for the disposal of 
surplus pesticides and pesticide containers 


Standard Products Disclaimer 


The use of trade or firm names in this publication is 
for reader information and does not imply endorsement 
by the U.S. Department of Agriculture of any product 
or service. 
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Section 1 
INTRODUCTION 


PURPOSE 


The purpose of this risk assessment is to document probable effects on 
human health, wildlife, and aquatic species that could result from use of 
the herbicides 2,4-dichlorophenoxyacetic acid (2,4-D), 
2-(2,4-dichlorophenoxy)propionic acid (2,4-DP), dicamba, fosamine, 
glyphosate, hexazinone, imazapyr, picloram, sulfometuron methyl, 
tebuthiuron, and triclopyr and the herbicide adjuvants kerosene, diesel 
oil, and limonene in vegetation management programs on National Forests and 
National Grasslands in the Southern United States (Forest Service Region 
8). The risk assessment is developed as an appendix to environmental 
impact statements (EIS's) for vegetation management being prepared for 
three major southern physiographic areas: the Coastal Plain/Piedmont, the 
Appalachian Mountains, and the Ozark/Ouachita Mountains. The EIS's analyze 
the environmental impacts of using various alternatives for managing 
vegetation in Southern National Forests. 


ORGANIZATION OF THIS APPENDIX 
This document is organized as follows: 


Section 1 presents the purpose, describes the structure, and outlines 
the methodology of the risk assessment. 


Section 2 outlines vegetation management programs that use herbicides 
and application methods and mitigation measures practiced in each. 


Section 3 summarizes and discusses the toxic properties of each 
herbicide for humans, including the cancer potency of the known or 
suspected carcinogenic herbicides. 


Section 4 describes the methods used to estimate levels of human 
exposure and resultant acute and long-term doses to workers and the 
public. 


Section 5 analyzes the human risk by comparing the results of the 
exposure analysis with the toxic effect levels described in section 3. 
Section 5 also discusses cancer risk, based on estimated lifetime doses 
to workers and the public, and the risks of heritable mutations, 
synergistic and cumulative effects, and the potential for effects on 
sensitive individuals. 


Section 6 describes the herbicides' toxic effects on wildlife and 
aquatic species. 


Section 7 discusses how wildlife and aquatic species' exposures were 
estimated. 


Lipset 


Section 8 discusses the risk to wildlife and aquatic species in general 
and to sensitive species, particularly the red-cockaded woodpecker, 
gopher tortoise, and smoky madtonm. 


OVERVIEW OF THE HUMAN HEALTH RISK ASSESSMENT 


The human health risk assessment consists of comparing doses that people 
may get from applying the herbicides (doses to workers) or from being near 
an application site (doses to the public) with doses that have produced no 
observed toxic effects in test animals in controlled laboratory studies. 
Risk judgments are based on the size of the ratio between the laboratory 
dose and the estimated human dose--called the margin of safety (MOS). In 
general, MOS's of 100 or greater indicate negligible risk to workers and 
the general public (EPA, 1986). The risk assessment analyzed the health 
effects of the active ingredient of each herbicide in various liquid, 
granular, or pellet formulations and the effects of light fuel oils 
(kerosene and diesel oil) and limonene. Kerosene is an inert ingredient in 
some formulations of 2,4-D and triclopyr; diesel oil is used as a carrier; 
limonene is used as an adjuvant. 


Wilson and Crouch (1987) suggest that the task of the risk assessor is to 
use whatever information is available to determine whether an effect may 
result from some hazard, such as a chemical introduced into the 
environment, and to present a judgment ranging between the extremes of 
virtual certainty that the effect will not occur (risk = 0) to virtual 
certainty that the effect will occur (risk = 1). The human health risk 
assessment uses a conservative approach that tends to exaggerate estimated 
risks to human health. Assumptions about herbicide applications and about 
herbicide movement and degradation tend to overestimate doses that workers 
and the public would be likely to receive. Toxicity levels used to judge 
risks were dose levels where no systemic or reproductive effects were seen 
in the most sensitive laboratory test animals. 


Wilson and Crouch (1987) state that: 


«-»preventive public health suggests that we endeavor to 
estimate risks even where no historical data exist and 

the risk is small. This is often done by analogy with i 
the cancer risks to animals, usually rodents, which are 
deliberately exposed to large enough quantities of 
pollutant so that an effect is observed. To use these | 
data to estimate the risk at low doses in people 
involves (to oversimplify matters) two difficult steps: 
the comparison of carcinogenic potency in an animal and 

man and the extrapolation from a high dose to a low dose. 


Cancer potencies were derived from data on the species and sex with the 
highest tumor rate. In addition, the value derived from the model that 
used the potencies to quantify cancer risk was the upper 95-percent ris’ 
level. This conservatism, both in estimating exposures and in setting and 
extrapolating from toxicity levels, led to an overestimation of the real 





| 
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risks of the herbicide application program so that no potential human 
health risk would be overlooked. 


Structure of the Human Health Risk Assessment 


The risk assessment methodology used in the analysis of the human risks of 
herbicide use in Region 8 is the one generally recognized by the scientific 
community (National Research Council (NRC), 1983) as necessary to 
characterize the potential adverse human health effects of hazards in the 
environment. This method employs three principal analytical 
elements--hazard analysis, exposure analysis, and risk analysis. 
Dose-response assessment (presented as a separate step in NRC, 1983) is a 
key part of the hazard analysis. 


(1) Hazard Analysis requires gathering information about the toxic 
properties of each chemical. Human hazard levels are derived 
primarily from the results of laboratory experiments on animal models, 
such as rats, mice, and rabbits, supplemented where appropriate with 
information on human poisoning incidents, field studies of other 
organisms, and data on chemical structure. Dose-response assessment 
(presented as a separate step in NRC, 1983) is a key part of the 
hazard analysis. 


(2) Exposure Analysis involves estimating single and multiple exposures 
to persons potentially exposed to the herbicides, determining the 
doses likely to result from those estimated exposures, and determining 
the number and characteristics of persons in the exposed populations. 


(3) Risk Analysis requires both a comparison of the hazard information 
with the dose estimates and an examination of the probability that the 
exposures could occur to determine the likelihood and severity of 
health effects from the estimated exposures. 


The relationships among these three components are illustrated in figure 1-1. 
The discussion that follows describes briefly how each component in the 
Structure was addressed in this risk assessment. 


Hazard Analysis 


The hazardous properties of each of the herbicides were determined in a 
thorough review of available toxicity studies in the open literature and of 
publicly available summaries of proprietary data. The review included acute 
(single dose), subchronic (short-term dosing), and chronic (long-term or 
lifetime dosing) laboratory toxicity studies of effects caused by dermal, 
inhalation, and ingestion exposures. Threshold toxicity values that included 
acute oral LDs5q's (median lethal dose) and systemic and reproductive 
no-observed-effect levels (NOEL's) were determined for each herbicide. The 
hazard analysis also reviewed available results of mutagenicity assays and 
cancer studies and developed cancer potency values for 4 of the 11 herbicides 
(2,4-D, 2,4-DP, glyphosate, and picloram) that had indications of potential 
carcinogenicity in animals. A cancer potency also was estimated for the 
light fuel oils, kerosene, and diesel oil, which contain small amounts of 
substances known or suspected of causing cancer. Scientific uncertainty 
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HAZARD ANALYSIS 


Identify what kinds of health effects 
have been observed in laboratory 
animals and at what levels of exposure 
Identify any health effects that 

have been observed in humans 

Determine LD59 for acute effects from 
laboratory rat studies 

Determine lowest NOEL's, if possible, 
for general chronic toxic effects, 
reproductive effects, and birth defects 
Determine if the herbicide has the 
potential to cause cancer or heritable 
mutations 

Identify data gaps in toxicity 
information 


RISK ANALYSIS 


EXPOSURE ANALYSIS 


Identify people exposed 
Identify routes of exposure 
Estimate how much each 
person would receive by 
each exposure route using 
both typical and maximum 
scenarios 

Estimate frequency and 
duration of exposure 
Calculate doses 


Compare doses to NOEL's and LDs5g's and discuss probability 
of acute and chronic effects (including birth defects) for 


typical through maximum scenarios 
Conduct analysis for cancer risk 


Identify risk of mutations 





Figure 1-1--Components. of the risk assessment process 
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regarding the results of these studies (for example, concerning the results 
of the cancer studies on glyphosate and 2,4-D) also is discussed. 


The review also identified toxicity information that is missing or 
unavailable for each herbicide. In such cases, judgments may be made about 
toxic properties based on other types of studies. Judgments about 
mitagenicity may be based on the results of cancer studies; those about 
carcinogenicity may be based on other chronic or subchronic studies. 
Conclusions also are drawn from chemical structure-activity relationships 
and from the known toxicity of similar chemicals. The hazard analysis is 
presented in section 3. 


Toxicity information is summarized for 7 of the 11 herbicides in the 
background statements in Agriculture Handbook No. 633 (U.S. Department of 
Agriculture (USDA), 1984). Tebuthiuron toxicity is reviewed in the first 
supplement to Agriculture Handbook No. 633 (USDA, 1986). Toxicity 
information for the herbicides imazapyr and sulfometuron methyl and for the 
light fuel oils is summarized in background statements written in 
conjunction with this risk assessment. These documents are incorporated by 
reference into’this report in accordance with 40 CFR 1502.21 and are 
available for review at all USDA Forest Service Offices in Region 8, as well 
as at the address shown on the cover page. 


Exposure Analysis 


Herbicide exposures and resultant doses to workers and the public in 
activities related to Forest Service Region 8 applications were estimated in 
the exposure analysis. Exposure scenarios (simplified descriptions of 
herbicide application operations and of potential routes of human exposure) 
were used to estimate a range of possible exposures (typical, maximum 
likely, and accident). Typical application scenarios were used to estimate 
the average doses to workers and to nearby members of the public that may 
reasonably be expected to occur during routine operations. Maximum 
scenarios were used to estimate the highest doses that are realistically 
expected to occur and that are not likely to be exceeded except in the case 
of an accident. Both typical and maximum doses then are considered 
realistic dose estimates. Accident scenarios were used to estimate doses to 
workers and the public that may result from direct exposure to herbicide 
spray mix or concentrate or from drinking water into which a helicopter load 
of herbicide mixture or a container of herbicide concentrate has been 
spilled. 


Herbicide Application Operations 


To estimate potential human exposures to the 14 herbicides and additives, 
major aspects of the vegetation management programs that determine herbicide 
exposure levels were identified, including types of formulations, 
application methods, application rates, target vegetation, size and 
configuration of spray areas, and mitigation measures. Descriptions of the 
methods are given in section 2. 


The herbicides examined in the risk assessment can be applied aerially or on 
the ground using mechanized equipment or hand-held devices. Aerial 
applications use helicopters primarily for silviculture, right-of-way, and 
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range management. Ground mechanical applications use truck- or 
tractor-mounted booms or other spraying devices for right-of-way and 
silviculture projects. Ground manual methods include basal applications 
using full-basal or streamline techniques; soil spot treatments using grid 
Or root collar placement of herbicide; direct foliar applications; and 
cut-surface treatments using injection, frill or girdle, or cut-stump 
techniques. Herbicides also may be applied in solid formulation as 
granules or pellets, or as a liquid mixture carried in backpack canisters 
or in hand-held squeeze bottles. These methods are described in section 2. 


To be conservative, the cumulative analysis assumes that 242,817 hectares 
(ha) (600,000 acres (ac)) are treated in the Forest Service's Southern 
Region each year in the vegetation management program. The size of the 
program and mix of activities may vary in any given year as described in 
the parent EIS. Table 1-1 gives a summary of the approximately 44,676 ha 
(110,350 ac) treated with herbicides in Region 8 during 1986 for various 
vegetation management programs. Individual silviculture treatment units 
within a project, typicallyirange from<L0.19 to 249eha (25 Go .60lac. 
Occasionally there are treatment areas much smaller (less than .4 ha or 

1 ac) or much larger (up to 202.3 ha or 500 ac), especially on wildlife 
habitat rehabilitation projects. Treatment units for range management 
projects are somewhat larger than for silviculture, with 16.2 to 404.7 ha 
or more (40 to 1,000 or more ac) treated in a single project. Treatment 
areas for maintenance of facilities are typically very small, ranging from 
less than a square meter to a fraction of a hectare. The total area 
treated with various vegetation management treatments in 1986 was about 5 
percent of the 4,856,333 ha (12,000,000 ac) of National Forest land and 
National Grasslands in Region 8. Further details about these operations 
are given in the body of the EIS's and in section 2. 


levis Wal 


Acreage of herbicide spraying operations for 
Region 8 lands in 1986 





Purpose Hectares Acres 
Conifer release L7es598 42,825 
Hardwood release 16:20 4,000 
Weed control (herbaceous, 

noxious, and poisonous) 860 fig leg 
Range improvement 486 120.0 
Right-of-way maintenance 668 1,650 
Site preparation 215, 2.03 Den aD 
Precommercial thinning 1,549 Bye 
Wildlife habitat improvement NE Oy? 2,600 

Total 44,676 110, 3.50 
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Affected Populations 


The risk assessment examines potential health effects of herbicide use on 
two groups of people who might be exposed to the 11 herbicides and 3 
additives in activities related to vegetation management programs: workers 
and the general public. Workers include personnel directly involved in the 
Spray operations: mixers and loaders, tractor or truck-sprayer applicators 
and drivers, backpack sprayers, hand applicators, pilots, observers, and 
Supervisors. The public includes forest visitors and nearby residents who 
may inadvertently be directly exposed to herbicide as a result of drift or 
by being accidentally sprayed or indirectly exposed by contact with 
herbicide on plant surfaces or by eating food items or drinking water 
containing herbicide residues. 


Exposure Scenarios 


This risk assessment examines the health effects of exposure to an 
individual herbicide treatment, as well as the cumulative effects of 
exposure over a number of years. To represent the range of doses under 
normal operating procedures, typical and maximum application scenarios are 
used. In typical scenarios, application methods employing normal herbicide 
application rates and typical treatment unit sizes are used to calculate 
doses to workers. Doses to members of the public who may be in the area or 
who may live nearby are calculated for aerial or ground mechanical and 
broadcast methods. No direct public exposures are expected from granular 
or hand-application treatments because drift is negligible from these 
methods and no visitors are expected to be onsite during vegetation 
management activities. 


Additional scenarios, using the same application methods as in the typical 
scenarios but employing the highest application rates likely to be used and 
the largest treatment unit sizes under conditions conducive to offsite 
herbicide drift, are used to estimate the maximum realistic doses to 
workers and the public. These estimates of exposure purposefully 
overestimate doses expected from routine applications. 


Cumulative doses were estimated by using information on typical and maximum 
treatment days per year and on typical and maximum number of years exposed 
for workers and the public. 


Accident Exposure Scenarios 


Because all human activities involve the possibility of error, use of 
herbicides in vegetation management involves the possibility that humans 
may inadvertently receive unusually high exposures to the herbicides 
because of accidents. The types of accidental exposure analyzed in the 
risk assessment included direct aerial application of herbicide on a 
person, spills of herbicide concentrate on workers in mixing and loading, 
and spills of herbicide into drinking water supplies. 


The likelihood that the events described in each accident scenario would 


actually occur was also examined. Wherever possible, historical records of 
accidents were used in determining the probabilities of accident occurrence. 
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Dose Estimation 


Estimates of routine doses to workers were derived from field studies on 
the herbicide 2,4-D because it has been investigated under a variety of 
application conditions and its metabolism and dermal penetration are 
relatively well known. Suitable worker exposure data are not available for 
most of the 11 herbicides, so doses were extrapolated from a 2,4-D worker 
exposure study that used the same application method. Forestry worker 
exposures were extrapolated from the most similar studies of field 
operations because no exposure data exist for many of the ground methods 
used in Region 8. 


Worker exposures to each herbicide were based on the worker's task (for 
example, backpack sprayer, pilot, mixer/loader) rather than the type of 
vegetation management project because the same equipment and procedures are 
used in these projects. The exposures between operation types are weighted 
by application rate and number of hours worked per day. Where the exposure 
of a worker in a particular task, such as a mixer/loader, is significantly 
different from one project type to another, that exposure is determined 
separately for each representative operation. 


Exposures and doses to members of the general public were derived by using 
data on herbicide drift from field studies and by applying various 
assumptions about dermal penetration, amount of skin exposed, and diet. 
Details of the exposure analysis are given in section 4. 


Risk Analysis 


The risk analysis was conducted after the worker and public exposures were 
estimated by comparing the estimated typical, maximum, and accident 
scenario-based doses with the toxicity levels found in the hazard 

analysis. For threshold effects, the doses were compared to systemic and 
reproductive NOEL's determined in the most sensitive test animal species. 

A margin of safety, which is the animal NOEL divided by the estimated human 
dose, was computed to relate doses and effects seen in animals to estimated 
doses and possible effects in humans. For example, an animal NOEL of 20 
milligrams per kilogram (mg/kg) divided by an estimated human dose of 0.2 
mg/kg gives an MOS of 100. A margin of safety of 100 is comparable to the 
100-fold safety factor that is the generally recognized value for setting 
safe doses for humans from valid long-term laboratory animal studies. The 
larger the margin of safety (the smaller the estimated human dose compared 
to the animal NOEL), the lower the potential risk to human health. 


For the herbicides that could possibly cause cancer, a person's lifetime 
cancer risk was based on animal studies that related the chances of 
developing tumors to increasing herbicide doses. The analysis showed that 
currently there is scientific uncertainty regarding the potential of four 
of the herbicides--2,4-D, 2,4-DP, glyphosate, and picloram--and the light 
fuel oils to cause cancer in humans. The risk of cancer from a given 
lifetime level of exposure to any of these herbicides, is based on an 
estimated total lifetime exposure to the herbicide averaged to a daily 
exposure over a /O-year lifetime. The total lifetime exposure used in 
calculating the average daily dose could be to workers exposed over many 
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years as applicators or to members of the public who may have only a single 
lifetime exposure. The average daily dose is mltiplied by a cancer 
potency value derived for the herbicide in question from laboratory animal 
data on tumor incidence at increasing dose levels. These data are adjusted 
for species differences, body size difference, dose frequency, and duration 
of exposure. 


Current scientific knowledge does not allow a quantification of mutagenic 
risk. Thus, the risks of heritable mutations are discussed qualitatively 
using available test data on bacteria, yeasts, plants, mammalian cells in 
culture, and whole animals. Where no test data are available, these 
herbicides are assumed to be mutagenic, and their risk of causing heritable 
mutations is compared to the herbicide's cancer risk. 


Cumulative risk for individuals is discussed in terms of lifetime exposures 
for workers and for members of the public. Risk of synergistic effects is 
discussed in terms of available evidence of enhanced toxicity in mixtures 
of two or more herbicides. Risk to sensitive individuals is discussed 
qualitatively in terms of the likelihood of a sensitive individual being 
exposed. 


A number of data gaps and areas of uncertainty were identified in the 
course of preparing this risk assessment. Field data on worker exposures 
to any of the herbicides are limited. No field data on public exposures 
are available. A number of specific types of toxicity studies are not 
available for several of the herbicides. In these instances, an 
extrapolation from existing data on a surrogate chemical had to be made, or 
a modeling of the herbicide's behavior was done. A dermal penetration rate 
of 10 percent is used, based on the known penetration rates of 2,4-D and 
picloram, for the herbicides for which no data are available. 


Judging risks to human health from the Forest Service program involves 
several areas of uncertainty. First, the safe levels used in comparing 
estimated exposures are the results of toxicity tests on laboratory 
animals, particularly rats and mice, where dose levels produce no observed 
effects. To allow for the uncertainty in extrapolating from these 
no-observed-effect levels in laboratory animals to safe levels for the 
general population, additional safety factors are used. The generally 
accepted factors (NRC, 1986) are 10 for moving from animals to humans 
(between species variation) and another 10 to account for possible 
variation in human responses (within species variation). This 10 times 10, 
or 100-fold, safety factor means that the laboratory NOEL dose reduced 
100-fold would normally be considered a safe dose to the general public, 
including most sensitive individuals; an additional safety factor of 10 
(giving an MOS of 1,000) may be used to ensure that sensitive individuals 
are further protected. In this risk assessment, a margin of safety has 
been calculated for each estimated dose by dividing the animal NOEL by the 
estimated dose. The computed MOS is then compared to the 100-fold safety 
factor to judge risks of toxic effects. 


A second area of uncertainty is in judging the risk to humans of doses that 


may be received once or perhaps a few times in a person's life (accidental 
worker doses and all doses to the public fall into this category). These 
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risks were evaluated by comparing those human doses to levels of the 
herbicide that produced no ill effects in laboratory animals, even though 
the animals received the doses every day of their lives. This risk 
assessment is conservative because it uses the MOS approach discussed above 
in comparing one-time human doses to lifetime animal doses in all cases, 
even though this leads to an overestimation of the risks. 


A different approach is used to assess the risks to humans from the 
herbicides or additives that may cause cancer. These chemicals are assumed 
to have some risk even at extremely low doses. In this case, a cancer 
potency value, expressing the probability of developing tumors at 
increasing dose levels, is taken from laboratory animal studies and 
adjusted for the differences in body weight and lifetime duration between 
the animals and humans. This potency, multiplied by an estimated human 
lifetime dose, provides an estimate of human cancer risk. The risk 
assessment uses the upper bound (95-percent level) of potency to quantify 
cancer risk. 


A third area of uncertainty involves the estimation of human doses likely 
to occur in herbicide use. This risk assessment has been designed to 
overestimate doses and thus to err on the side of safety. In reality, 
workers are likely to receive lower doses than estimated. Standard safety 
practices and the use of protective clothing and immediate washing in the 
case of a spill normally will reduce actual dose levels below those 
estimated in this analysis. No member of the public is likely to receive 
as high a dose as estimated in this risk assessment again because typical 
safety practices and the remoteness of most treated areas limit the 
probability of any public exposure. Other assumptions made to ensure that 
doses are overestimated include assumptions that no herbicide degradation 
occurs, members of the public do not wash themselves or their food items 
after a spraying, and the public consumes water that has received herbicide 
from drift or a spill immediately after the event. Thus, the way in which 
exposures are estimated in this risk assessment and the way risks are 
judged both tend to exaggerate actual risks. 


Wildlife and Aquatic Species Risk Assessment 





The analysis of risks to wildlife and aquatic species was conducted in a 
manner similar to the human health risk assessment. The basis for 
comparison, as suggested by the U.S. Environmental Protection Agency (EPA, 
1986) in their document on environmental risk assessment, is the species 
LD59 or LC59 (median lethal concentration). The Region 8 risk analysis 
uses laboratory toxicity data on species most closely related to a series 
of representative wildlife and aquatic species of the National Forests of 


the Southeast. Details of the analysis are presented in sections 6, 7 
and 8. 
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Section 2 
VEGETATION MANAGEMENT PROGRAMS 


Region 8 encompasses the states of Alabama, Arkansas, Florida, Georgia, 
Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina, 
Tennessee, Texas, Virginia, and a small area of West Virginia. This region 
has approximately 4,858,000 ha (12,000,000 ac) of National Forests and 
National Grassland. Vegetation management is conducted on approximately 
3,600,000 ha (9,000,000 ac), with 243,000 ha (600,000 ac) treated annually. 


This section describes the annual vegetation management programs involving 
the use of herbicides that the Forest Service conducts in Region 8 on 
approximately 44,535 ha (110,000 ac). Application methods, equipment, and 
herbicides used in those programs are identified. In addition, mitigation 
measures used to minimize the possible adverse effects of the herbicides on 
human health and the environment are described. Herbicide application 
rates for the different methods are given in section 4. Complete 
descriptions of the Forest Service vegetation management programs are in 
the environmental impact statements that this document supplements. 


PROGRAM DESCRIPTIONS 


The Forest Service conducts vegetation management programs to sustain and 
improve the ability of lands to produce pine and hardwood timber, livestock 
forage, and wildlife habitat for both game and nongame species; to ensure 
public safety on roads and other rights-of-way; to protect facilities and 
capital improvements; and to reduce hazardous fuel loads to protect 
resources from wildfire damage. 


Silviculture operations designed to ensure the establishment of healthy 
stands, by altering species composition or density, are a major proposed 
program for herbicide use by the Forest Service. These operations include 
site preparation, hardwood and pine release, and precommercial thinning. 
Site preparation treatments are used to prepare newly harvested or 
inadequately stocked areas for a new stand of trees. Herbicides are used 
in site preparation to reduce the amount of undesirable vegetation 
available to compete with the desirable hardwoods or pines, while 
minimizing soil disturbance on the site. In the brown-and-burn method of 
site preparation, herbicides are used to reduce undesirable vegetation, to 
dry fuels, and to improve the effectiveness of a prescribed fire, thus 
enhancing planting and stand establishment. Release, precommercial 
thinning, and herbaceous weed control reduce competition, thereby improving 
the survival, growth, and health of desirable trees. 


Right-of-way management operations include maintenance of roadsides, 
trails, power transmission and distribution lines, oil and gas pipelines, 
and railroad corridors. In roadside maintenance, vegetation is managed to 
prevent brush encroachment into driving lanes, to maintain visibility on 
curves, to permit drainage structures to function as intended, and to 


facilitate maintenance operations. Trails and utility corridors are also 
maintained for accessibility and safety. 


Range improvement is done by the Forest Service to provide forage for 
domestic livestock by removing undesirable or noxious plant species and 
preparing range allotments for seeding by desirable forage plants. Noxious 
weeds are also controlled in other settings. 


Wildlife habitat improvement activities include using herbicides to remove 
midstory and understory vegetation from pine stands managed for 
red-cockaded woodpeckers and other species, for the release of 
mast-producing hardwood trees, and to control weed species in wildlife 
openings. 


TYPES OF APPLICATION METHODS AND HERBICIDE USAGE 


The three basic types of herbicide application are (1) manual ground 
application, which requires hand-carried equipment; (2) mechanical ground 
application, which requires the use of truck- or tractor-mounted equipment; 
and (3) aerial application. Each is further categorized by the types of 
product or process it uses. Table 2-1 shows the number of acres in Region 
8 treated annually with herbicides, by application method. 


Herbicides currently being used are applied either as a spray (liquid 
formulations) or as granules (solid formulations). All types of spray 
application methods described here use systems designed to produce large 
droplets of herbicide, which minimize the amount of drift. The formulation 
of herbicides as granular products is intended to reduce drift because of 
the large size of granules. (Drift is described in more detail in section 
4). Figure 2-1 shows comparisons of the number of acres presently treated 
per year by each chemical and an estimate of the maximum number of acres 
that may be treated with each herbicide in future years. 


Manual Ground Application Methods 


Herbicide application by manual methods includes basal, soil spot, foliar 
(directed, herbaceous weed, and noxious weed), and cut-surface treatments. 
Manual ground application methods can be used in areas where a larger 
mechanical power unit is not practical or where a very selective treatment 
is desirable. 


The number of workers involved in manual ground applications varies 
according to the project and type of activity. A manual spray applicator 
typically treats 0.1 to 0.4 ha (0.25 to 1 ac) per hour, depending on the 
density of vegetation, terrain, and equipment used. 


Personnel applying herbicides may be exposed to herbicides and additives 
during mixing, loading, or application operations. Inadvertent exposure 
may occur by direct or indirect, contact with spray, a spillj.on asva resale 
of failed equipment, such as a disconnected or ruptured hose, a leaky 
gasket or washer, or a leaky nozzle. 


tapdlew. —1 


Number of acres treated annually with herbicides in Region 8 
by application method 





Present Maximum Anticipated in Future? 
Application Method Hectares Acres Hectares Acres 
Aerial} 
roliar 729 1,800 hin5 | TOP 500 
Granular or 
pellet 729 1,800 34 O30, 7,200 
Mechanical 
Foliar ae O47 00 1.35320 32,900 
Granular or 
pellet ae O32 65.00 3503 8, 890 
Manual 
Granular or 
pellet 243 600 445 LOO 
Foliar® LO sO 26,700 30,040 74,200 
Basal bark/stemd 3,603 8,900 LO ahn28 26,500 
Soil treatment& 11,640 ZOO 16,434 40,600 
Cut surfacef 9,960 24,600 11,296 27,900 


4aThe numbers presented in this column are field estimates based on 
current herbicide use rates. They were made prior to the scoping process 
for two of the three EIS's to which this risk assessment will tier. They 
may not reflect alternatives proposed subsequently, but they are used as 
current best estimates for computation purposes only. 

bEstimated potential use; not currently applied by air. 
CBackpack/handsprayer; directed spray, herbaceous weed control, and so 
forth. 

dFull or streamline treatments. 

Esorl spot, basalpsoily diacing, or,streaking. 

fFrill, injection, cut stump, hypohatchet, hack and squirt, and so forth. 


2, 4-D amine 
2, 4-D ester 
2,4-DP | TIT} 15650 
Dicamba 
Fosamine 


Glyphosate 
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TTT 48700 
Hexazinone seenerecoenononen 
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Limonene” al 
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Picloram aoe 8100 


Sulfometuron methyl 20 


; a |. 500 
Tebuthiuron” fry] 4000 





Triclopyr amine 
Triclopyr ester 
0 20000 40000 60000 80000 

Acres 


U0) Present number of acres treated per year 


c 
Maximun anticipated number treated per year 


@ Projected use of herbicides that are currently not used in the R-8 program 
due to labeling. 


bUsed as a surfactant or penetrant, applied only in mixture with an herbicide. 


©The numbers presented in this column are field estimates based on current 
herbicide use rates. They were made prior to the scoping process for two of 
the three EIS's to which this Risk Assessment will tier. They may not reflect 
alternatives proposed subsequently but are used as current best estimates 
for computation purposes only. 


Figure 2-1l--Current and projected number of acres to 
be treated annually by herbicides in Region 8 
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Basal Application 


Basal application is used primarily for release, precommercial thinning, 

and right-of-way maintenance, though some site preparation work is done 

with this method. Two types of basal applications will be discussed: full 
basal and streamline treatments. In these treatments, herbicides are mixed 
with a liquid carrier, with or without additives, and are sprayed directly 
onto the bark of undesirable trees. Basal applications are generally made 
during the hardwood dormant season. The herbicide mixture is usually 
applied with a backpack sprayer and a spray gun or a spray wand. A backpack 
spray unit with a diaphragm pump is preferred over one with a piston pump 
because it is less likely to Jeak and it operates at a lower pressure. 


Full basal treatments, which use a broad range of herbicides, are usually 
applied to stems up to 15 cm (6 in) in diameter. The lower 30 to 50 cm (12 
to 20 in) of the stem are wet with herbicide mixture on all sides. While 
this method is no longer commonly used in Region 8, it is still the method 
of choice for some specialized projects. 


Streamline treatments are generally applied to juvenile stems less than 

8 cm (3 in) in diameter at breast height. The herbicide mixture is applied 
Pipa Ucrtoeo. |! comet.) Lo 2 in) band, to one sidewof the stem 25 to*50 cm 
(10 to 20 in) above the base of the plant. Figure 2-2 shows how herbicides 
are applied using this method. Triclopyr ester mixed with limonene and 
diesel fuel is a common mixture applied by the streamline method. 
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Figure 2-2--Applying herbicide using the streamline method 
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Soil Spot Applications 


The soil spot application method is used for site preparation and release 
and, to a limited degree, for right-of-way maintenance. Applications can 
be made as either a spot grid (regular pattern) as individual stem 
treatment or in a pattern known as spot around. Formulated liquid 
herbicide is diluted and sprayed directly on the soil to control 
undesirable vegetation in the immediate area. Backpack sprayers equipped 
with a spray wand or spray gun are used. All sizes of vegetation can be 
treated using soil spot methods. However, one of the major factors in 
choosing both specific technique and spacing is the size of the target 
vegetation; larger targets require more spots. 


Spot grid treatment is commonly used on sites with many stems per acre. 
Spots of herbicides are applied directly to the soil in a regular pattern. 
The dimensions of the grid are determined for each situation, based on the 
type of job, the kinds of vegetation to be controlled, the soil type on the 
site, and the like. Figure 2-3 illustrates this method of herbicide 


application. 


Individual stem treatment is generally used on sites with fewer stems per 
acre. Herbicide is applied by directing the spray nozzle at the soil in 
the area where roots of the unwanted plants are growing. 
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Figure 2-3--Applying herbicide using the spot-grid method 
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Spot around is a release method wherein spots are placed 1 m (3.3 ft) or 


more away from a young desired plant to reduce competition. This method is 
currently in limited use in Region 8. 


Hexazinone is commonly applied in any type of soil spot application. 
Restrictions on use of this method based on soil type are found on several 
product labels. 


Foliar Spray Applications 


Foliar spray applications are used primarily to release first and second 
year pine stands. Two types are commonly distinguished: directed foliar 
application and herbaceous weed application. Liquid formulations are 
sprayed on the growing plants at different times depending on the technique 
being used. The timing is noted below for both types. Generally a 
backpack spray unit with a diaphragm pump and spray gun or wand is used to 
apply the herbicide. 


Directed Foliar Spray Application. Directed foliar spray application is 


used to release young stands from competition less than 1.8 m (6 ft) tall. 
It is also used to reduce noxious or poisonous plant populations. 


In this method, herbicide is sprayed in coarse droplets onto the foliage of 
undesirable plants and away from the foliage of desirable plants. 

Figure 2-4 shows an example of directed spray application. Herbicides can 
be applied as spring or fall treatments when target plants are fully 
leaved, green, and growing. Glyphosate, imazapyr, triclopyr, 2,4-D, and 
2,4-DP can be used as directed foliar spray herbicides. 


Herbaceous Weed Control. Herbaceous weed control involves the application 
of herbicide directly over the tops of desirable plants to control 
competing weeds and grasses. The herbicide is applied in a 1.2- to 1.5-m 
(4 to 5 ft) square or circle or in a continuous band that has desirable 
trees in the center. Herbicides are usually applied in the late winter or 
later in the spring when the competing vegetation is fully leaved and 
growing. 


Some of the commonly used herbicides for herbaceous weed control are 
hexazinone, sulfometuron methyl, sulfometuron methyl + hexazinone, 
sulfometuron methyl + glyphosate, and imazapyr. 


Cut-Surface Treatments 


Cut-surface treatments are used to eliminate larger trees during site 
preparation, precommercial thinning, and release operations. Tree 
injection, frill or girdle, and cut-stump treatments are common types of 
cut-surface treatments. Currently only liquid herbicides are used for 
cut-surface treatments. These methods can be used throughout the year on 
virtually any size tree. However, some care must be taken to match timing 
with tree species to be treated. Various types of equipment are used for 
this method, including a hatchet and squirt bottle, a tubular tree 
injector, and injector-hatchets. Figure 2-5 shows one example of this 
method using a hatchet and a squirt bottle. 
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Figure 2-4--Applying herbicide using the directed spray method 


Tree injection (in which the cambium of the target tree is exposed using a 
blade mounted on the tree injector and an herbicide solution is deposited 
in the cut) is most efficient on sites with sparsely distributed stems 
greater than 5 cm (2 in) in diameter at breast height. The equivalent of 

1 milliliter (ml) of undiluted herbicide is usually applied to each cut. 
Some herbicides commonly used for injection are 2,4-D, triclopyr, picloran, 


imazapyr, and glyphosate. 


The frill or girdle method involves cutting through the bark of a tree into 
the sapwood with an ax or hatchet. The cut surface is completely wet with 
herbicide. Wood chips produced during cutting are not removed, but are 
left to help hold the herbicide in the cut. Some herbicides commonly used 
for frill or girdle treatments are 2,4-D, triclopyr, picloram, imazapyr, 
and glyphosate. 


The cut-stump treatment can be used on fresh or older stumps of any size. 

A pressurized backpack sprayer is used to thoroughly spray the cambial irea 
(approximately the outer 2.5 cm (1 in)) of the stump. Herbicides used «. 
cut stumps include 2,4-D, 2,4-DP, triclopyr, glyphosate, imazapyr, and 
picloram. : 
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Figure 2-5--Applying herbicide using the hack and squirt method 


Mechanical Ground Application Methods 


Mechanical ground application methods are used in site preparation, 
release, and right-of-way corridor maintenance. They can be used in flat 
to rolling terrain. Mechanical application equipment includes tractors and 
trucks that have spray equipment or granule spreaders mounted on the 
vehicle. Both liquid and granular formulations are used. Application is 
broadcast, with only limited control being exercised by the operator 


(on/off and direction of application). 


Granular herbicide applicators mounted on the rear of crawler tractors or 
skidders can be used for site preparation and conifer release. The unit 
can distribute the herbicide being carried on 2.4 to 6.1 ha (6 to 15’ac) in 
about 35 to 45 minutes. Hexazinone is the only granular herbicide 
currently being applied by this method; however, a granular formulation of 
imazapyr is expected to be used in forestry operations in the future. 
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Spray systems mounted on crawler tractors or skidders can be used to apply 
liquid herbicide formulations for site preparation and conifer release. 
These units normally apply 750 liters (1) (200 gallons (gal)) of herbicides 
in approximately 45 minutes, covering about 3.2 ha (8 ac). An example of 
this type of spray system is shown in figure 2-6. A variety of herbicides 
can be used, including hexazinone, glyphosate, and triclopyr. 


Special truck-mounted spray systems are generally used for applying 
herbicides in right-of-way projects. A typical system has a large tank for 
the herbicide mix, a pumping-pressure regulating system, a lateral boom 
sprayer, and a nozzle head. Application is broadcast, although the 
operator has limited control over the rate of application and direction and 
can shut the system off from inside the cab. The unit can apply 1,400 1 
(300 gal) in approximately 35 minutes at 16 kilometers per hour (km/hr) (10 
miles per hour (mph)), covering about 5 ha (12 ac). All of the herbicides 
evaluated in this risk assessment are in common use for right-of-way 
application. Target vegetation is a major factor considered during 
herbicide selection. 


Workers using these methods (generally a one or two person crew) may be 
exposed while mixing or applying herbicides. Mixer/loaders can be 
accidentally exposed as a result of a splash or spill of herbicide or a 
ruptured or disconnected hose. Drivers can be exposed to spray drift. 
Granule applicators are not likely to have significant herbicide exposures; 
exposure is restricted to small amounts of dust. 


ti 
00a enero of 
. PFE 9%, 
RANT 
an 
need 
Age @ 
ee 


Re sites 
Wee: 
YW 


e 4, 
CMP TE DD, 


RHEIN 





Figure 2-6--Tractor-mounted herbicide spray system used 
in mechanical ground applications 
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Aerial Methods 


Aerial broadcast methods are particularly useful for covering remote 
managed areas, small scattered or isolated areas, or large forested areas 
in mountainous terrain. Aerial methods require relatively few people to 
treat areas. Vegetation condition, topography, and accessibility are less 
constraining for aerial methods than for other methods. 


In the Southern Region, helicopters are expected to be the primary vehicle 
used for aerial application of herbicides. Because helicopters are very 
maneuverable, they can get close to target vegetation, which improves drift 
control. Safety considerations determine the minimum altitude. 


Herbicides are applied to target vegetation using specially designed spray 
nozzles and booms, granule applicators, and, where appropriate, drift- 
control adjuvants. These systems generally consist of a compressor or 
pressure source and a boom mounted across the aircraft, with nozzles spaced 
across the boom to distribute the herbicide solution evenly. The special 
design of these booms creates a minimum of air turbulence in the vicinity 
of the nozzle orifices, maintains a uniformly large droplet size, and 
reduces the production of aerosols. Figure 2-7 shows an example of a 
helicopter mounted with a spray system. Granular applicators are also 
specially designed to produce a uniform distribution of granules. 


Depending on the purpose of the application, 165 to 40 contiguous ha (40 to 
100 ac) can be covered in an hour of actual flying time (excluding 
refueling and loading time). Delivery rate will be 47 to 140 1/ha (5 to 15 
gal/ac), again depending on the objective of the spray operation. This 
delivery rate is in inverse relation to acreage covered. Granular 
application is similar: 20 to 40 ha/hr (50 to 100 ac/hr), excluding 
refueling and loading time and time required to move between sites. 


Aerial application occurs only under favorable weather and terrain 
conditions. Some factors considered in planning aerial applications 
include (1) wind speed and direction; (2) humidity and probability of 
rainfall; (3) temperature; (4) air temperature inversions; (5) terrain; and 
(6) sensitive areas within or adjacent to the spray area. Some of these 
factors are less constraining for aerial application of granules. 


The number of workers involved in a typical aerial application project 
varies according to the type of activity. Some operations may require only 
2 individuals, while others may need as many as 15 workers. 


Hexazinone, glyphosate, imazapyr, triclopyr, and fosamine are expected to 
be the herbicides commonly used for aerial application. 


PERSONAL PROTECTIVE EQUIPMENT 
The type of clothing worn during an application operation is an important 
determinant of the exposure of workers. Specific protective clothing 


requirements may differ depending on the herbicide being applied. 
Herbicide labels and material safety data sheets indicate what type of 
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Figure 2-7--Aerial application using a helicopter 
with a mounted spray system 


protective clothing is necessary and when it is to be worn. Specific label 
requirements for protective clothing and equipment are followed. 


For the person applying herbicides, minimal clothing requirements include a 
long-sleeved shirt and long pants that are made of tightly woven cloth and 
a hard hat with a plastic liner. Waterproof boots are worn when specified 
by the label. If leather boots are worn, they should be water-proofed with 
a good sealant. Each field crew carries a minimum of two eyewash bottles. 


In addition to the minimal clothing requirements, some labels require 
respirators for persons loading a granular product into application 
equipment. Several labels specify either goggles or face shields, rubber 
gloves, and an apron for mixer/loaders of liquid products. 
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MITIGATION MEASURES 


Measures intended to ensure the proper and safe application of herbicides 
on lands managed by the Forest Service in Region 8 are required by Federal, 
State, and regional regulations or laws. Federal and State laws and 
regulations set the minimum standards followed during herbicide application 


on forests and rangelands. Each Regional Forest or District Office may 
develop additional restrictions and precautions. 


The Federal Insecticide, Fungicide, and Rodenticide Act requires pesticide 
manufacturers to register their chemicals with the U.S. Government 
(specifically, with the Environmental Protection Agency (EPA)) and list the 
allowable uses, application rates, and special restrictions on the 
herbicide's label. All of the herbicides considered in this risk 
assessment are registered for forestry application by EPA. Label rates, 
uses, and handling instructions are complied with according to Federal law. 


The Department of Agriculture (Forest Service) has guidelines for herbicide 
application. Publications, such as Safety Training for Forestry Herbicide 
Applicators, Hand Application Methods for Commonly Used Forestry Herbicides 


in the South, and Certification Training: Applying Pesticides Correctly-~-A 
Self-Study Guide for USDA Forest Service Employees, provide additional 


guidelines for application of herbicides. 


Mitigation measures, such as not spraying in sensitive areas, notifying the 
public, posting notice signs, and conducting water monitoring, are usually 
specified in site-specific vegetation management plans (called 
environmental assessments). Many mitigation measures developed for 
herbicide operations in the Southern Region are described in the 
environmental impact statements that this document supplements. Some 
specific examples include the following: 


(1) Aerial spray application operations are suspended when wind velocity 
exceeds 9.6 km/h (6 mi/h) or inversion conditions exist. 


(2) Weather conditions and spray delivery performance are monitored to 
minimize the chances of off-target drift, volatilization, runoff, or 


leaching of applied herbicides. 


(3) Waterways and areas of open water are protected according to buffer 
strip requirements. 


(4) Applications are made in strict conformance with herbicide label 
instructions, and applicators are supervised by a certified pesticide 


applicator. 


(5) “Protective clothing wom is consistent with herbicide labeling. 
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Section 3 
HUMAN HEALTH HAZARD ANALYSIS 


INTRODUCTION 


This section presents the results of the human health hazard analysis. It 
includes a review of available toxicological information on the 1l 
herbicides, the surfactant limonene, and diesel oil and kerosene, 
classified as light fuel oils, that are being considered in the Forest 
Service vegetation management programs in the South (Region 8). The first 
subsection describes the sources of toxicity information used in the hazard 
analysis. The second subsection explains the laboratory toxicity testing 
terminology used to describe the toxic properties of the 14 herbicides and 
additives. The third subsection presents summaries of the threshold 
toxicity of each chemical drawn from the information that was available. 
The fourth and fifth subsections describe the potential for each of the 14 
chemicals to cause genetic mutations and cancer. respectively. The final 
subsection presents the details of the derivation of cancer potency for 
those chemicals suspected of being carcinogenic. 


SOURCES OF TOXICITY INFORMATION 


The toxicity of 2,4-D, 2,4-DP, dicamba, fosamine, glyphosate, hexazinone, 
picloram, tebuthiuron, and triclopyr to laboratory animals and humans is 
described in detail in the background statements of the Forest Service 
(rXeri cultural Handbook No. 633) (USDA, 1984, 1986). The toxicity of light 
fuel oil, imazapyr, and sulfometuron methyl is described in background 
statements written in conjunction with this risk assessment 
(Labat-Anderson, Inc. (LAI), 1986, 1987a,b). These documents are 
incorporated by reference into this risk assessment in accordance with 40 
CFR 1502.16 and are available for review at all Forest Service supervisors' 
offices in Region 8, as well as the regional office. Little information 
exists concerning the toxicity of limonene. Al] information reviewed in 
the open literature is summarized in this hazard analysis. 


Much of the data on pesticide toxicity have been generated to comply with 
the Federal Insecticide, Fungicide, and Rodentic’de Act (FIFRA), as amended 
(7 U.S.C. 136 et seq.), which contains the established procedures for the 
fecistration, classification, and regulation of all pesticides, including 
herbicides. EPA is responsible for implementing FIFRA. Toxicity levels 
and related information from the series of studies submitted for 
registration are compiled by EPA in summary tables called "tox one-Jiners," 
which are available on request from EPA's Freedom of Information Office. 
EPA also has compiled and made available "science chapters" on dicamba, 
hexazinone, and picloram. A large body of additional toxicity information 
Sxistesin) the open Iiterature, particularly for herhicides that have been 
used for many years. 


iiomUnoyeDepartment of Agriculture, Forest Service, funded an extensive 
literature search to ensure that all of the relevant available information 
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was used in this risk analysis. A number of computerized literature 
retrieval data bases were searched to locate current literature pertaining 
to the carcinogenicity and mutagenicity of the herbicides, including 
Medline, the Embase (Excerpta Medica), Toxline, Hazardous Substances Data 
Base (HSDB), Registry of Toxic Effects of Chemical Substances (RIECS )2o the 
International Pharmaceutical Abstract data base, and the Chemica! 
Carcinogenesis Research and Information System (CCRLS}% 


Data from the pesticide background statements (USDA, 1984, 1986; 
Labat-Anderson, 1986, 1987a,b) were reviewed and compared to summaries of 
studies submitted to the Environmental Protection Agency for the 
registration of the herbicides and additives. When possible, studies that 
have been reviewed and validated by EPA were used to set toxicity reference 
levels. No studies were used that have been invalidated by EPA. 


HAZARD ANALYSIS TERMINOLOGY 


Because of the obvious limitations of testing chemicals on humans, 
judgments about potential hazards are based on the results of toxicity 
tests on laboratory animals. Toxicity test results are supplemented by 
available information, if any, on actual human poisoning incidents and 
effects on human populations. The discussion of laboratory toxicity 
testing that follows is drawn from Hayes (1982), Doull et al. (1980), 
Environ Corporation (12985), and Loomis (19/78)% 


Laboratory Toxicity Testing 
Test Animal Species 


Laboratory test animals serve as models that indicate the possible effects 
of a pesticide in humans. The ideal test animal would metabolize a 
compound in the same manner as a human and have the same susceptible organ 
systems. Results of such tests could then be directly extrapo'‘ated to 
humans, making some adjustment for differences in body weight and body 
surface area. Although no test animal has proved ideal species such as 
rats, mice, rabbits, hamsters, guinea pigs, dogs, and monkeys have proved 
to be consistent indicators for certain types of toxicity tests, routes of 
administration, and types of chemicals. Rats and mice are the most 
commonly used animals because of their low cost, relative ease of handling, 
documentation of genetic background, documentation of susceptibility to 
disease, and relatively short life span (2 to 3 years). 


Toxic Endpoints and Toxicity Reference Levels 


Toxicity tests are designed to allow the accurate evaluation of specific 
herbicidal ‘toxicological properties such as specific toxic endpoints (for 
example, temporary or chronic debilitation, carcinogenicity, or fatality) 
and toxicity reference levels (for example, no-observed-effect levels 
(NOEL)). In addition to the type of test animal used, variables of toxicity 
tests include test duration, route of administration, dose levels, dosing 
schedule, number of test groups, number of animals per group, and other 
individual specific variables (for example, sex and age). Toxicity tests 


also vary on the basis of the assumption of whether the effect in question 
is a threshold effect or a nonthreshold effect. 


Threshold and Nonthreshold Effects 


Most chemicals are assumed to have a threshold level of toxic effects on a 
local basis (at the site of administration) or a systemic basis (acting 
throughout the body), below which no adverse effects occur to the test 
organism. In animal testing, when the effect threshold is exceeded, 
systemic effects, such as liver or kidney damage or dysfunction, weight 
loss, or reproductive impairment, may occur. A no-observed-effect level, 
the dose where none of these effects is evident, and a lowest-effect level 
(LEL) are the dose levels that bracket the threshold of effects. Chemicals 
are generally assumed to possess no such threshold level for cancer and 
mutations. Thus, these toxic endpoints may occur (with a certain level of 
probability) even in the presence of extremely small quantities of the 
substance. This is a controversial issue, however, and although data 
Supporting the evidence of thresholds exist for some chemicals, regulatory 
authorities generally take the more conservative approach, which assumes no 
thresholds for mutagenicity and carcinogenicity. 


In this hazard analysis, threshold effects are discussed first. The 
nonthreshold effects, mutagenicity and cancer, are discussed in the last 
two subsections. 


Duration of Toxicity Tests 


The duration of toxicity tests ranges from very short-term acute tests to 
longer subchronic studies to chronic studies that may last the lifetime of 
an animal. Acute toxicity studies involve administration of a "single" 
dose to each member of a test group (either at one time or in a cumulative 
series over a short period of less than 24 hours). Subchronic toxicity 
studies, used to determine the effects of multiple doses, usually last from 
a few days to 3 months (3 to 90 days), but generally less than half the 
lifetime of the test animal. Chronic studies, also used to determine the 
effects of multiple or continuous doses, normally last 1 to 2 years but 
generally more than half the test species' lifetime. Studies may be 
designed to evaluate both chronic toxicity and oncogenicity. These studies 
are conducted over the major portion of the test organisms’ lifetime; 
usually 18 to 24 months for mice and rats. 


Routes of Administration 


Routes of administration include oral (by gavage [forced into the stomach 
through a tube] or fed in the diet), dermal (applied to the skin), 
inhalation (through exposure to vapors or aerosol particles), and 
parenteral (injection other than into the intestine). Parenteral! routes 
inelude subcutaneous (injected under the skin), intraperitonea! (inje: ted 
into the abdominal cavity), and intravenous (injected into a vein). 

dermal, and inhalation doses most closely duplicate the likely routes of 
exposure to humans. Parenteral doses are used in testing drugs but ane not 
widely used in toxicity pesticide testing because they bypass the test 
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animal's natural protective mechanisms (including barriers such as the 
skin, lung surface, and the surface of the digestive tract). 


Dosing Levels 


Doses are expressed in several ways: as milligrams ‘mg, which is 1/1,000 
of a gram) of the chemical per kilogram (kg, which is 1,000 grams) of body 
weight of the test animal, in parts per million (ppm) in the animal's diet, 
or in milligrams per liter (mg/l) in the air the animal breathes or in the 
water the animal drinks. 


Dosing in long-term studies is generally done through the diet with 
specified amounts in parts per million in the food. The known weight of the 
test animals over the test period and the amount of food actually consumed 
are used to convert ppm in the diet to milligrams of chemical per kilogram 
of body weight per day (mg/kg/day) for extrapolation to humans. In general, 
at least three dosing levels are used in addition to the zero dose given a 
control group. Usually, animals of each sex are dosed in groups of 8 to 50. 


For the discussion that follows of toxicological studies of the herbicides 
and additives being considered for use in Region 8, doses reported in parts 
per million have been converted to mg/kg/day using the following conversion 
factors: mouse 1 ppm = 0.15 mg/kg/day; rat 1 ppm = 0.05 mg/kg/day; rabbit 
1 ppm = 0.03 mg/kg/dav; and dog 1 ppm = 0.025 mg/kg/day (USDA, 1984). 


Types of Toxicity Studies | 


Acute Toxicity Studies 


Acute toxicity studies are used to determine the toxicity reference level 
known as the median lethal dose (LD5qg), which is the dose that kills 50 | 
percent of the test animals. The lower the LD59, the greater the 
toxicity of the chemical. The LD5g ranges and toxicity categories used 
in this risk assessment are those of the EPA classification system using 
rat oral LD5g's, as shown in table 3-1, adapted from Walstad and Dost | 
(1984). Categories of toxicity using this classification system include: 
severe (rat LD5g less than 50 mg/kg), moderate (rat LD59 50 to 500 mg/kg), 
slight (rat LD5g9 500 to 5,000 mg/kg), and very slight (rat LD59 5,000 

to 50,000 mg/kg). 


Common routes of exposure for acute toxicity studies include oral, dermal, 
and inhalation, which are the most common exposure routes in real-life 
situations. Because lethality is the intended toxic endpoint, dose levels 
usually are set relatively high in acute studies. Toxic symptoms displayed 
by the animals may be recorded throughout the study, and tissues and organs 
are examined for abnormalities at the end of the test. The animals most 
commonly used for oral LD5¢9's are the rat and the mouse because they are 
economical, readily available, easy to handle, and they are similar to 
humans in their response to chemicals. In addition, much toxicological 
data already exist for these species, which facilitates comparison with 
toxicity data developed for other chemicals. Rabbits are used most often 
to determine dermal LD59's because they have greater dermal sensitivity 
than many other animals. 
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Because death represents the extreme toxic consequence for judging possible 
effects from the use of pesticides, the policies of regulating agencies 
regarding acceptable intake levels of these chemical compounds most often 
are not based on acute studies. Rather, they are based on toxicity tests 
designed to find the dose level that produces no effects despite repeated 
exposures over an extended period of time in the animal species tested. 
Figure 3-1 illustrates the relationship between the LDs5qg and the 

no-effect level. 


Acute dermal, primary dermal, dermal sensitization, and primary eye 
irritation tests assess additional acute hazards of a chemical. Albino 
rabbits, which are used in these studies, are typically more sensitive to 
these tests than other test mammals and humans. Thus, the chance of 
obtaining false negative test results is reduced. The acute dermal test 
enables the researcher to determine an LD59 value for the test chemical. 
Rabbits are exposed to the test chemical for a 24-hour period. 
Observations of the adverse effects (erythema and edema) of the chemical 
are made using the Draize scoring system (Draize et al. 1944). For the 
primary dermal test, a constant dosage level of 0.5 ml or 0.5 g is used. 
Observations for this test are made over a longer period of time than the 
acute dermal study (normally 72 hours). 


The dermal sensitization test uses guinea pigs, which respond much like 
humans to chemicals. This test measures the ability of the animal to 
invoke an immune response to successive chemical exposure. The primary eye 
irritation test measures the toxicological effect of a chemical to the eye 
(the cornea in particular). The damage a chemical may cause to the ability 


of the cornea to transmit light (corneal opacity) is an important result of 
this test. 


EPA classifies chemicals in one of four toxicity categories based on the | 
effect a chemical has on the cornea and the skin (Federal Register, 1974) | 
(table 3-3 in a later “section). | 


Subchronic Toxicity Studies 


Subchronic studies are used to determine the toxicity reference level, 
called the no-observed-effect level (NOEL), which is the highest dose level 
at which no toxic effects are observed. If a chemical produces effects at 
the lowest dose tested (LDT) in a study, the NOEL must be at some lower 
dose. If the chemical produces no effects, even at the highest dose tested 
(HDT), the NOEL is greater than the HDT. Another toxic endpoint of 
interest is the lowest dose showing toxic effects, the lowest effect level 
(LEL). For local and systemic effects, the chemical's threshold of effect 
lies between the NOEL and LEL for the tested species. (See figure 3-1.) 





Subchronic studies, normally using lower dose levels than acute studies, 
provide information about systemic effects, cumulative toxicity, the 
latency period (the time between exposure and the manifestation of a toxic 

effect), the reversibility of toxic effects, and appropriate dose ranges to 
use in chronic tests. The adverse effects may include decreased rate of 
food consumption, change in body weight, altered enzyme levels, changes in | 
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Toxic effects 
observed -- 
many deaths 


Median Lethal 
Dose-- 50% of 


Observed 

response Moderate 
toxic effects 
observed-- 
few deaths 


Some toxic 
effects observed-- 


no deaths NOEL Threshold 
No effects ’ Ks 
observed 





LDs59 - Acute lethal dose. 
One-time or short-term 
dose that is lethal to 50 
percent of treated 
animals. 


Threshold - Dose level at which 
toxic effects are 
first observed in 
test animals. 







NOEL - No-observed-effect level. 
Long-term dose that does Threshold 
not result in apparent NOEL~S 
adverse effects in test 
animals. 


(Not to Scale) 


Figure 3-1--Relationships among toxicity reference levels 
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blood constituents (red or white blood cells), undesirable constituents in 
tne urine, microscopic changes in tissues, and death. 


Chronic Toxicity Studies 


Chronic studies, like subchronic studies, can be used to determine systemic 
NOEL's. NOEL's derived from chronic toxicology studies are useful in 
evaluating safe long-term chemical exposure levels for humans. Chronic 
studies are also important in determining doses that are hazardous to 
reproductive success or in determining whether a chemical causes cancer. 


Chronic Feeding Studies. In general, for the shorter-lived laboratory 
animals, rats and mice, feeding experiments of more than 90 days are 
considered chronic studies. These tests can determine systemic NOEL's and 
define organ sites where long-term exposure can cause deleterious effects. 
Blood chemistry, hematology, histopathology, and gross pathology of the 
laboratory animals can provide detailed information about the effect of the 


pesticide during the animal's lifetime. 


Carcinogenicity Tests. Carcinogenicity tests (cancer or oncogenicity 
studies) examine the potential for a chemical to cause malignant or 
nonmalignant tumors or leukemias when fed in the diet over the animal's 
lifetime. Testing is normally conducted with rats or mice for a 2-year 
period. 


Teratogenicity Tests. Teratogenicity tests, now termed developmental 
studies, are used to determine the potential of a chemical to cause 
malformations in an embryo or a developing fetus between the time of 
conception and birth. These studies generally use pregnant female rats or 
rabbits dosed during the early and middle period of gestation while the 
organs of the fetus are developing. The animals are monitored for 
structural deformities and occasionally for functional disorders. 


Reproduction Studies. Reproduction studies are conducted to determine the 
effect of a chemical on reproductive success, which is indicated by 
fertility, direct toxicity to the developing fetus, and survival and weight 
of offspring. Usually, the test animals are rats and lower doses are used 
than those for teratogenicity studies. Both male and female rats are 
exposed to the chemical for a number of weeks before mating. The number of 
resulting pregnancies, stillbirths, and live births are recorded. 
Histopathological evaluations of the reproductive organs of parents, and 
occasionally of selected pups, is conducted. Tests may be conducted over 
two or three generations. 


Mutagenicity Assays 


Mutagenicity assays are used to determine the ability of a chemical to cause 
physical changes (mutations) in the basic genetic material (deoxyribonucleic 
acid (DNA)), especially changes that could be passed on from one generation 
to the next. The species used in these tests range from primitive 
organisms, such as the bacteria Salmonella spp., Escherichia spp., and 
Streptomyces spp.; the mold Aspergillus spp.; the yeast Saccharomyces spp.; 
and the fruitfly Drosophila spp., to the more advanced organisms that 


Siete) 








include mammalian species. Tests may be conducted in vivo (within the body 


of the living organism) or ingvitco, Conrcelis cultured outside the body in 
appetri, dish or test tube). 


Mutagenicity assays can be divided into three categories: (1) tests for 
detecting gene mutations, (2) tests for detecting chromosomal aberrations, 
and (3) tests for detecting primary DNA damage. Included in the first 
group are microbial assays, involving prokaryotic microorganisms (organisms 
such as bacteria and cyanobacteria that lack a nucleus separated from the 
cytoplasm by a membrane) and eukaryotic microorganisms (organisms with a 
well-defined nucleus enclosed in a membrane, including all nonprokaryotes 
such as yeasts, other fungi, and mammals) developed to detect reverse 
mutations (a mutant gene that mutates back to the wild type) and to a 
limited extent, forward mutations (a wild type gene that undergoes 
mutation). Because many mutagens are inactive before bioactivation (by 
metabolic activity), bacterial tests may include a bioactivation system, 
such as an S9-fraction, which consists of microsomal enzymes of rats' or 
other animals' livers to activate the mutagen. A host-mediated assay is 
conducted to detect mutagenic effects in a microorganism, such as bacteria, 
by injecting it into the peritoneal cavity of the host (usually mice) to 
allow for a better bioactivation environment of the mutagen in vivo. Other 
tests useful for predicting gene mutations are the fruitfly sex-linked 
recessive lethal test, which measures the frequency of lethal mutations, 
the mouse specific locus test, which detects mutagenicity in germ cells in 
vivo, and mammalian somatic cell assays in vitro using mouse lymphoma 
cells, human lymphoblasts, and Chinese hamster ovary cells to detect 
forward and reverse mutation. 


Examples of tests for detecting chromosomal effects include mammalian 
cytogenetic assays in Chinese hamster ovary cells in vitro and mice bone 
marrow micronucleus in vivo. The dominant lethal test in rodents, which 
determines lethal mutation in germ cells, and the heritable translocation 
test in mice, which detects the heritability of chromosomal damages, are 
both important tests performed with live animals. Fruitflies and other 
insects also are used to detect heritable chromosomal effects in vivo. 


The existence of DNA damage caused by mutagens is detected by biologic 
processes, such as DNA repair and recombination, which occur after DNA 
damage. Tests to determine such processes use bacteria, yeast, and 
mammalian cells in vitro, with or without metabolic activation. 
Unscheduled DNA synthesis, for example, is often used to indicate DNA 
repair in human cells in vitro. Mitotic recombination and gene conversion 
indicate DNA damage in yeast, and sister chromatid exchange indicates DNA 
damage in mouse lymphoma cells, Chinese hamster ovary cells, and human 
lymphocytes. 


The methodology for testing and evaluating results for mutagenicity studies 
(for example, battery of tests, weighted evidence) will be discussed in the 
mutagencity section later in this section. 


THRESHOLD TOXICITY OF THE 14 HERBICIDES AND ADDITIVES 


The toxicity reference levels used in this risk assessment to describe both 
acute and chronic threshold effects of the 14 herbicides and additives 
considered for use in Region 8 are presented in table 3-2. The table gives 
two types of NOEL's. The first NOEL listed is for general systemic 
effects, such as growth retardation, decreased red blood cell counts, and 
liver and kidney effects. Most of the systemic NOEL's take into account 
EPA-validated 2-year chronic feeding studies. For fosamine, picloram, and 
triclopyr, subchronic study NOEL's were used because they are the lowest 
NOEL's found in the literature. The other type of NOEL given is the lowest 
for reproductive effects, including infertility, general maternal and fetal 
toxicity, and birth defects (teratogenesis). Where information is 
available, NOEL's are given for both reproductive and teratogenic effects. 
Reproductive and teratogenic NOEL's are considered separately from general 
systemic NOEL's because, in some cases, mammals have been shown to be 
particularly vulnerable to the toxic effects of chemicals during 
reproduction and development. All the NOEL's used are the lowest found in 
EPA-validated studies. 


There are many possible reasons for studies not to be validated by EPA; for 
example, insufficient sample size or incomplete description of the study 
methodology. Some of these studies, however, still provide useful 
information on toxic effects. Results of acute dermal, primary dermal, 
primary eye, and subchronic dermal studies are found in table 3-3. 


The following subsections summarize the most relevant acute and chronic 
toxicity tests that have been conducted on the 14 herbicides and 
additives. Areas where no validated studies exist or in which EPA has 
requested additional studies are noted. 


2 4eD 


2,4-D is classified as moderately toxic (see table 3-1) in mammals with an 
LD5g in rats of 375 mg/kg (EPA, 1986b). Symptoms of toxicity observed in 
humans after ingestion of 2,4-D include irritation to the gastrointestinal 
tract, chest pains, and muscle twitching (USDA, 1984). Excessive dermal 
contact with 2,4-D in humans causes skin irritation, tingling of 
extremities, nausea and vomiting, and muscle aches and loss of function 
(USDA, 1984). Prolonged breathing of 2,4-D vapors causes coughing, 
burning, dizziness, and temporary loss of muscle coordination (USDA, 
1984). Even though dermal absorption of 2,4-D is limited, the herbicide 
has been reported to produce peripheral neuropathy (characterized by 
progressive numbness, aching of the extremities, and eventually paralysis) 
in a few individuals after accidental acute exposure (Goldstein et al., 
1959). In several cases, the recovery has not been complete. These 
effects have not been produced in laboratory animals. Rats exposed 
dermally to 12- and 24-percent solutions of 2,4-D amine for up to 3 weeks 
exhibited no signs of peripheral neuropathy, although skin lesions 
(ulcerative dermatitis), decreased body weights, and increased kidney 
weights were observed (Mattsson et al., 1986a,b; EPA, 1986a). 2,4-D was 
irritating to rabbit skin in a primary dermal and acute dermal study and 
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severely irritating to the rabbit eye in a primary eye irritation study 
fee epee cente a. =) (RPAI 1 9I86b). Amine and ester formulations: of 2,42) 


caused local skin inflammation in rabbits undergoing a 21-day dermal test 
(USDA, 1984). going y nal te 


A 2-year dog feeding study with dose levels of 2,4-D¥ranging from Ueto 500 
ppm (0 to 12.5 mg/kg) established a systemic NOEL of 12.5 mg/kg/day, the 
highest dose tested (EPA, 1986b). A systemic NOEL of 1,250 PpMevo2eo 
ng/kg/day) was established, based on a 2-year rat feeding study (EPA, 1986b). 


Results from the first year of a chronic feeding study on rats have been 
reviewed by EPA (1986b). Based on kidney effects reported in the study, a 
NOEL of 1 mg/kg/day was established; the lowest effect level was 

5 mg/kg/day. Using a hundredfold safety factor, EPA has established a 


Provisional acceptable daily intake (PADI) level of 0.01 mg/kg/day (EPA, 
L985c). 


Fetotoxic and maternal toxic NOEL's of 5 mg/kg/day are based on a 

one zeneration reproduction study with rats exposed to 2,4-D acid at 5, 20, 
and 80 mg/kg/day. Decreased maternal body weight! and reduced pup weight 
were observed at 20 mg/kg/day (EPA, 1986a). No effects on fertility were 
seen. Delayed bone ossification in fetuses at 75 mg/kg was the only other 
effect observed in teratology studies (EPA, 1986b). No teratogenic effects 


were observed in the offspring of rats given doses of up to 750 mg/kg 2,4-D 
(EPA, 1986a). 


2,4-DP 


2,4-DP is classified as slightly toxic based on the acute oral LD59 of 

532 mg/kg for rats (EPA, 19844). Studies reviewed by EPA (1984a) included 
a subchronic 90-day rat feeding study and a 2-year feeding/oncogenic rat 
study that both established a NOEL of 5 mg/kg. At 15 mg/kg/day, decreases 
in urinary specific gravity and/or protein in males were observed. At 25 
mg/kg/day, packed cell volume and blood sodium levels were decreased, and 
kidney and liver weights were increased. A systemic NOEL of 100 mg/kg/day 
based on effects to the liver was established for an 18-month mouse feeding 
study. Two-year feeding studies with rats determined a systemic NOEL of 
50 mg/kg/day. Effects observed at the LEL of 150 mg/kg/day included 
decreased weight gain, decreased hematocrit and red blood cells, chronic 
prostatitis, and kidney degeneration (EPA, 1984a). Mild skin irritation 
was observed on 2,4-DP-treated rabbits, with complete recovery in 24 hours 
PEPA LP 984a ea Weedone, a formulation of 2,4-DP, caused no irritation to 
Poe Sskinwm a primary dermal stest (EPA, 1984a). Slight) eye irritation 
was observed when rabbits underwent a primary eye irritation study (EPA, 
1984a). 


2,4-DP appears to cause fetotoxic, maternal toxic, and teratogenic effects 
in laboratory animals. A fetotoxic NOEL of 6.25 mg/kg/day was reported for 
a three-generation rat reproduction study, with increased mortality of pups 


TA11 weights reported refer to "wet" weights unless otherwise indicated. 
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occurring at 25 mg/kg/day (EPA, 1984a). In this same study, increased pup 
mortality during lactation period, reduced maternal body weight, and 
increased number of smaller litters occurred at the 100 mg/kg dose level. 
A rabbit teratology study determined fetotoxic and maternal NOEL 's of 25 
mg/kg and a teratogenic NOEL of less than 25 mg/kg, which was the lowest 
dose tested (EPA, 1984a). Teratogenic effects characterized by displaced 
kidneys, omphalocele (navel hernia), and distorted ribs occurred at 25 
mg/kg in rabbits (EPA, 1984a). Fetotoxic effects, such as reduced fetal 
weight and reduced crown-rump distance, were reported at a dose level of 
100 mg/kg/day in rabbits (EPA, 1984a). Maternal toxic effects, such as 
unsteadiness in gait, reduced food intake, and mortality, also were 
observed at the rabbit dose level of 100 mg/kg/day (EPA, 1984a). 


Dicamba 


Based on an acute oral LD59 of 757 mg/kg in the rat, dicamba is 
classified as slightly toxic (USDA, 1984). Available data indicate that 
technical dicamba is a mild eye irritant, but it has a low primary skin 
irritation toxicity (EPA, 1983, 1986¢).  Dicamba,. showever,, can causera 
moderate dermal sensitization reaction (EPA, 1986g). A 90-day subchronic 
feeding study in rats established a NOEL of 25 mg/kg/day as a result of 
slight liver cell alterations (EPA, 1984b). EPA has determined that this 
NOEL is the lowest systemic NOEL for dicamba (EPA, 1986h). A number of 
other subchronic rat studies did not reveal adverse effects at any of the 
doses tested (EPA, 1986g). Based on a 2-year rat study, a systemic NOEL of 
greater than 125 mg/kg body weight, the highest dose tested, was 
established (EPA, 1986i). 


Fetotoxic and maternal toxic effects have been observed in laboratory 
animals exposed to dicamba. A fetotoxic NOEL of 0.5 mg/kg was reported 
from a rabbit teratology pilot study, with resorptions reported at 1.0 
mg/kg (EPA, 1986g). A second rabbit teratology study resulted in setting a 
maternal and a fetotoxic NOEL of 3.0 mg/kg due to reduced body weights and 
increased post implantation loss of fetuses, and slightly lower net weight 
gain in pregnant females (EPA, 1986g). Dicamba was not found to be 
teratogenic in any of the reported teratology studies (EPA, 1986g). Ina 
three-generation reproduction study, no reproductive effects were observed 
at 25 mg/kg/day (HDT) (EPA, 1986g). Recently EPA (1985a) placed the 
reproductive NOEL of dicamba at 2.5 mg/kg. 


Fosamine 


Using the acute oral LD59 of 24,400 mg/kg in the rat for the formulated 
product (43 percent a.i.) (EPA, 1987a), fosamine is classified as very 
slightly toxic. Acute and subchronic effects caused by ingestion of 
fosamine in laboratory animals include weight loss, diarrhea, salivation, 
prostation, and irregular respiration (USDA, 1984). Acute inhalation 
exposure for 4 hours caused nasal and ocular discharge, corneal opacity, 
lung noise, weight loss, and weakness in rats (USDA, 1984). A systemic 
NOEL of 25 mg/kg/day was reported from a 6-month dog feeding study, with 
increased stomach weight being the only toxic effect noted (Schneider and 
Kaplan, 1983, as cited in USDA, 1984). A systemic NOEL of 50 mg/kg/day 
(HDT) was established, based on a 90-day rat feeding study (DuPont, 
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1983a). An acute dermal study showed that a fosamine formulation 

(69 percent reaction products and 43 percent ant. eis avskin arritant’ CEPA, 
1987a). No irritation was observed when the fosamine formulation was 
tested in primary and subchronic dermal studies using guinea pigs and 
rabbits, respectively (EPA, 1987a). 


No fetotoxic, teratogenic, or reproductive toxic effects were observed in 
rats in a one-generation reproduction study and a teratology study at the 
highest doses tested of 250 to 500 mg/kg/day and 500 mg/kg/day, 
respectively (DuPont, 1983a). 


Glyphosate 


Based on the acute oral LD509 of 4,320 mg/kg in the rat, glyphosate is 
classified as slightly toxic (table 3-1) (EPA, 1986c). A rat oral LD59 

of 5,600 mg/kg has been reported by Monsanto (1982a,b, as cited in USDA, 
1984), but this has not been reviewed by EPA. A 26-month rat feeding study 
reported no observable effects at the highest dose tested (EPA, 1986c). 
Using this study, EPA established a NOEL of greater than 31 mg/kg/day 
(HDT). A recent 1-year chronic feeding study in dogs reported no 
compound-related effects at the highest dose of 500 mg/kg/day (EPA, 

1987b). In a mouse chronic feeding/oncogenicity study, liver cell damage 
was observed at the highest dose of 4,500 mg/kg/day (EPA, 1986j). The NOEL 
for this study was therefore established as 750 mg/kg/day. Irritation 
reversible within 7 days was reported for glyphosate in an acute dermal 
study using rabbits (EPA, 1986c). EPA (1986c) reported that severe 
erythema (redness) occurred when rabbits' eyes were treated with glyphosate 
in a primary eye irritation study. A primary dermal study showed that no 
irritation occurred in rabbits tested (EPA, 1986c). A NOEL of, 1,000 
mg/kg/day was established in a 21-day dermal test using rabbits (EPA, 1986c). 


A three-generation reproduction study of glyphosate in rats established a 
NOEL of 10 mg/kg/day (EPA, 1986c). This NOEL was based on renal tubular 
dilation in the kidneys of the pups. No effects on fertility or 
reproductive parameters were noted. Based on this study, EPA has 
established an ADI level of 0.1 mg/kg/day (EPA, 1986c). In two rat and 
rabbit teratology studies, no evidence of teratogenicity was observed (EPA, 
1986j). In the rat study, evidence of developmental toxicity in the form 
of unossified sternebrae was observed in fetuses at 3,500 mg/kg/day (EPA, 
1986j). This dose was also toxic to dams as evidenced by weight gain 
deficits, altered physical appearance, and mortality. The rat fetotoxic 
and maternal toxic NOEL's were therefore established at 1,000 mg/kg/day for 
this study. 


In the rabbit teratology study, the highest dose (350 mg/kg/day) was toxic 
to does as evidenced by altered appearance and mortality (EPA, 1986j). No 
treatment-related fetal effects were observed. The maternal toxic NOEL for 
this study is 175 mg/kg/day and the fetotoxic NOEL is 350 mg/kg/day (HDT). 


A nitrogen derivative of glyphosate, N-nitrosoglyphosate (NNG), occurs as a 
contaminant of technical glyphosate at a level of 0.1 mg/kg or less (EPA, 
1986j). EPA (1986j) has classified NNG as slightly toxic (toxicity 
category III) and has concluded that because the amount of NNG is less than 
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1.0 mg/kg, no additional toxicology data are required. Monsanto (1986) has 
conducted a number of studies on NNG and has concluded that it is not 
teratogenic, mutagenic, or oncogenic. 


Hexazinone 


Hexazinone is classified as slightly toxic based on the acute oral LD59 

of 1,690 mg/kg (EPA, 1986d). The systemic NOEL's based on 2-year mouse and 
rat feeding studies were established as 30 mg/kg/day (mice) and 10 
mg/kg/day (rats) (EPA, 1986d). The toxic effects observed during the mouse 
study included increased liver size, a localized increase in size and 
number of liver cells, and localized tissue degeneration at the LEL of 375 
mg/kg/day. Effects observed in rats included reduced body weight gain, 
decreased food consumption, increased leukocyte counts, and excretion of a 
more alkaline urine (EPA, 1982a). Acute and primary dermal studies 
revealed that hexazinone caused reversible irritation in rabbits (EPA, 
1982a, 1986d). Reversible corneal opacity occurred in rabbits treated with 
hexazinone in a primary eye irritation study (EPA, 1986d). 


In a 90-day rat feeding study, the only effect noted was reduced body 
weight gain at 250 mg/kg/day (HDT) (EPA, 1982a). Slight liver effects and 
reduced body weight gain were noted in dogs at 125 mg/kg/day in a 3-month 
feeding study (EPA, 1982a). 


In a three-generation reproduction study, no effects on reproduction or 
lactation performance were observed in rats at the highest dose (125 
mg/kg/day) (EPA, 1982a). However, the average body weight of pups at 
weaning was slightly lower at 125 mg/kg/day. Thus, the reproductive NOEL 
was established at 125 mg/kg/day, and the fetotoxic NOEL was established at 
50 mg/kg/day. 


Hexazinone was not embryotoxic or teratogenic at 150 mg/kg/day (HDT) in a 
rat teratology study (EPA, 1982a). Likewise, no teratogenic effects were 
observed in rabbits at 125 mg/kg/day (HDT) in a teratology study (EPA, 
L9382a) . 


Imazapyr 


Based on an acute oral LD59 of greater than 5,000 mg/kg in rats, imazapyr 
is considered very slightly toxic to mammals (EPA, 1985b). Other imazapyr 
studies reviewed by EPA (1985b) included an acute dermal toxicity study 
that reported an LD5g of greater than 2,000 mg/kg body weight in 

rabbits. In primary irritation studies, imazapyr was irritating to the 
eyes and mildly irritating to the skin of rabbits. A dermal sensitization 
test was negative in guinea pigs. A 21-day dermal study in rabbits showed 
no signs of systemic toxicity at 400 mg/kg/day. American Cyanamid (1985a) 
reported a 13-week rat feeding study that established a NOEL of 500 
mg/kg/day (HDT). A maternal toxic NOEL of 300 mg/kg/day, based on 
Salivation at 1,000 mg/kg/day, was established in a rat teratology study 
(EPA, 1985b). However, no teratogenic or fetotoxic effects were observed 
in rats at 1,000 mg/kg, the highest dose tested, or in rabbits at 400 
mg/kg, the highest dose tested (EPA, 1985b; American Cyanamid, 1985a). 
Chronic studies in rats and dogs are in progress (American Cyanamid, 1987). 
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Light Fuel Oil (Diesel Oil and Kerosene) 


Using an acute oral LD59 of 9.0 ml/kg (7,380 mg/kg )1, diesel oil is 
classified as a very slightly toxic compound (Beck et ale, 41982). eThe most 
marked acute toxic effect observed after the administration of diesel oil 
to test animals occurred during primary dermal irritation studies (Beck et 
al., 1982). In these studies, a single exposure of rabbits to diesel oil 
resulted in a rating of "extremely irritating," based on a score of 6.82 
(on a scale of 1 to 10). The irritation may have been caused by additives 
for internal combustion in diesel oil. Diesel oil was nonirritating in 
primary eye irritation studies (Beck et al., 1982). A subacute 3-week 
dermal study of eight rabbits reported an average weight loss of 0.38 kg at 
the dose level of 4.0 ml/kg (3,280 mg/kg) and an average weight loss of 
0.55 kg with a 67-percent mortality rate at the dose level of 8.0 ml/kg 
(6,560 mg/kg) (Beck et al., 1982). An inhalation teratology study in which 
rats were exposed to 5.09 or 20.075 ul/kg of diesel fuel on days 6 through 
15 of gestation did not result in any significant teratogenic effects 
(Mecler and Beliles, 1979). 


Kerosene is classified as very slightly toxic, based on the lowest oral 
lethal dose of 28,000 mg/kg in rats (HSDB, 1987a). Kerosene and all other 
hydrocarbons represent an acute ingestion hazard to humans. They can lead 
to chemical pneumonia and should never be swallowed (HSDB, 1987a). 
Chemical pneumonitis from hydrocarbons, such as kerosene, is described in 
Doull et al. (1980) as follows: 


An important toxicologic problem associated with the 
hydrocarbon solvents is the inadvertent or intentional 
ingestion of gasoline, kerosene, or paint thinners. Although 
in most instances the acute toxicity of these compounds is 
quite low, small amounts may be aspirated into the lungs 
during ingestion, during attempts to induce vomiting, or 
while pumping the stomach. The response of the lung to small 
quantities of hydrocarbon solvents is rapid and severe. 
Relatively small amounts will spread a thin layer over the 
large moist surfaces of the lung resulting in pneumonitis, 
pulmonary edema, and hemorrhage. 


Kerosene causes moderate local irritation, central nervous system 
depression, and sometimes mild lesions in the kidneys, liver, bone marrow, 
and spleen (Gosselin, 1976, as cited in HSDB, 1987a). In a 28-day dermal 
toxicity study with rabbits, kerosene was moderately irritating at the 200 
and 1,000 mg/kg dose levels and was severely irritating at the 2,000 mg/kg 
dose level (American Petroleum Institute, 1983a). Treatment-related skin 
lesions (acanthotic dermatitis, hyperkeratosis, and dermal microabscesses) 
and liver lesions (acute multifocal necrosis) occurred at the highest dose 
(2,000 mg/kg/day). Jet fuel A (a type of kerosene) was mildly irritating 
to the skin and eyes of rabbits in primary skin and eye studies. No 


lone ml of diesel oil weighs 820 mg. 
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reactions were observed for guinea pige used in the same studies (Beck et 
al., 1982). Rats exposed to 300 mg/m’ for 14 to 75 weeks exhibited 
morphologic changes (such as thickening, congestion, and presence of 
infiltrates) and cytoenzymatic changes (increased/decreased enzyme 
activity) in the lungs and kidneys and showed disorders of their acid-base 
equilibrium (Starek and Kaminski, 1981 and 1982). In a study in which 
baboons were administered kerosene by various routes, the primate brain 
appears to be resistant to direct toxic effects of kerosene (Wolfsdorf and 
Paed, 1976). The authors believe this shows that the lung and liver are 
able to filter out sufficient amounts of large doses to protect the brain. 
Jet fuel A was not reported to be teratogenic in a rat inhalation study at 
the highest dose tested (400 ppm) (Beliles and Mecler, 1982). 


Limonene 


Based on an acute oral LD59 of 5,000 mg/kg in rats, limonene is 

classified as very slightly toxic (HSDB, 1987b). Limonene is used as a 
flavoring in many foods and may be found in amounts of up to 2,300 ng/kg, 
as in chewing gum (Furia and Bellanca, 1975). The acute inhalation LD59 

is greater than 5 mg/l in rats (JLB International Chemical, Inc., 1983). 
Limonene caused moderate skin irritation in rabbits administered 500 mg/24 
hours dermally (HSDB, 1987b). Rats given oral doses of 227 to 1,385 
mg/kg/day showed a slight decrease in body weight and little or no change 
in water and food consumption (Tsuji et ale, 19/75, as eited in .HSDB, 
1987b). In this study, no histopathological changes were noted except for 
granular casts in the kidneys of some males. Oral doses of 400 mg/kg/day 
for 30 days in rats caused decreased plasma and liver cholesterol, 
increased enzymes, and altered fatty acids of liver phospholipids (Ariyoshi 
et al., 1975;: as cited: in HSDB,' 1987b).\ Dogs administered) 1. 25to.3.0 
ml/kg/day through inhalation exhibited frequent vomiting and nausea and 
decreased body weight, blood sugar, and cholesterol (Tsuji et al., 1975, as 
cited in HSDB, 1987b). In this study, no significant changes were observed 
in tne organs except in the kidneys. In a mouse teratology study, 
decreased body weight gain and increased abnormal fetal bone formation were 
caused when females were given 2,363 mg/kg/day during days 7 to 12 of 
gestation (Kodama et als, 1977,.as cited in HSDB, 198/b). 


Picloram 


With an acute oral LD5g of 8,200 mg/kg in rats (EPA, 1984c), picloram is 
classified as very slightly toxic. A 6-month dog feeding study, during 
which test animals were exposed to picloram at the dietary levels of 0, 7, 
35, and 175 mg/kg/day, resulted in establishing a subchronic NOEL of 

7 mg/kg/day (Barna=Lloyd*et als, 1982; as cited’in Mullison, 1985); 
Increased liver weights were reported at the lowest effect level of 

35 mg/kg/day in males. Other subchronic feeding studies resulted in slight 
liver effects at 150 mg/kg/day in rats and at 1,000 mg/kg/day in mice (EPA, 
1984f). Slight eye and skin irritation was observed in primary eye and 
primary and acute dermal irritation studies using rabbits (EPA, 1984c). 


In a recent 2-year chronic toxicity-oncogenicity study reported by Dow 


(1987a), rats fed 20 mg/kg/day showed no treatment-related effects. Rats 
given 60 and 200 mg/kg/day exhibited increased size and altered properties 
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of liver cells. No other chronic feeding studies have been reported; EPA 
has requested a chronic nonrodent feeding study for picloram (EPA, 1984f). 


No reproductive effects were observed at the highest dose tested of 150 
mg/kg/day in a three-generation rat reproduction study (EPA, 1984f). The 
reproductive NOEL is therefore greater than 150 mg/kg/day (EPA, 1984f). In 
a rat teratology study, maternal toxicity was observed at 750 mg/kg and 
fetal toxicity (delayed bone ossification) was observed at 500 mg/kg (EPA, 
1984f). No teratogenic effects were observed, and the NOEL was established 
as greater than 1,000 mg/kg, the highest dose tested. No dose-related 
embryotoxic or teratogenic responses were observed in rabbits given doses 
of picloram of up to 400 mg/kg/day (John-Greene et al., 1985). 


Sulfometuron Methyl 


Sulfometuron methyl is very slightly toxic, based on an acute oral LD50 

of greater than 5,000 mg/kg in rats (EPA, 1984c). In acute dermal studies, 
an LD59 of greater than 2,000 mg/kg was reported (EPA, 1984d). 

Reversible eye and skin irritation was observed in primary eye and primary 
dermal irritation studies using rabbits (EPA, 1984d). A 90-day rat feeding 
study established a systemic NOEL of 50 mg/kg/day, based on hematological 
effects observed at 250 mg/kg/day (EPA, 1984d). A combined 2-year rat 
feeding and two-generation reproduction study reported by DuPont (1986) 
established a systemic NOEL of 2.5 mg/kg/day. In this study, hemolytic 
effects, liver toxicity, and decreased mean absolute body and brain 
weights, but not the brain-to-body weight ratio, were observed at 250 
mg/kg/day. Hemolytic effects and liver toxicity were also observed at 25 
mg/kg/day. In a l-year dog feeding study, a systemic NOEL of 5 mg/kg/day 
was reported (EPA, 1984d). Effects observed in dogs included decreased 
number of red blood cells and increased liver weight at 25 mg/kg/day. 


In the two-generation rat reproduction study, a NOEL of 25 mg/kg/day was 
established, based on reduced maternal food consumption and body weight 
gains and reduced numbers of offspring (DuPont, 1986). A one-generation 
rat reproduction study resulted in the establishment of a reproductive NOEL 
of greater than 250 mg/kg/day (HDT) (EPA, 1984d). A rat teratology feeding 
study reported reduced body weight gain at 250 mg/kg/day and maternal and 
fetal toxic NOEL's of 50 mg/kg/day (EPA, 1984d). No teratogenic effects 
were observed at 250 mg/kg/day, the highest dose tested. A rabbit 
teratology study was negative for teratogenic, maternal, and fetal toxic 
effects at 300 mg/kg, the HDT (EPA, 1984d). 


Tebuthiuron 


No EPA-validated studies exist for assessing acute dermal or acute oral 
toxicity of tebuthiuron (EPA, 1987c). Of the many studies reported by EPA, 
the lowest acute oral LD509 was 644 mg/kg in rats. Based on this study, 
tebuthiuron is classified as slightly toxic (EPA, 1986e). A systemic NOEL 
of 83.1 mg/kg/day (EPA, 1984e) was established from a 119-day mouse feeding 
study. In a recent registration document from EPA (1987c), a systemic NOEL 
of 25.0 mg/kg/day was found in a l-year dog feeding study. A more 
conservative systemic NOEL of 12.5 mg/kg/day was established for a 3-month 
dog feeding study, based on increased thyroid-to-body weight values and 
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increased blood enzyme levels (EPA, 1986e). Toxic effects in other 
subchronic studies included growth suppression and pancreatic lesions at 
125 mg/kg/day in rats, and body weight depression at 37.5 mg/kg/day in 
cattle (EPA, 1986e). Tebuthiuron caused no eye or skin irritation in 
rabbits during primary eye and primary dermal studies (EPA, 1986e). 
Tebuthiuron, however, was skin irritating in an acutz dermal study using 
rabbits, (EPA, 1986e). 


A three-generation reproduction study with rats reported a reproductive 
NOEL of less than or equal to 20 mg/kg/day (LDT), based on the decreased 
body weight of weanling pups (EPA, 1986e). However, recently EPA (198/7c) 
reported a reproductive NOEL of greater than 20 mg/kg/day (HDT), determined 
in a two-generation reproduction study with rats (EPA, 1987c). A lower 
rate of body weight gain for F, females for the 10 and 20 mg/kg/day 

dosage levels was the only adverse effect observed in this test. 


The only study of teratogenicity supplied to EPA was found invalid. Two 
mammalian teratogenic studies are required to complete reregistration 
standards for tebuthiuron (EPA, 1987c). The study performed did show that 
there were no observable teratogenic effects at the highest dose tested 
(90 mg/kg) (EPA, 1986e). 


Triclopyr 


With an acute oral LD59 ranging from 630 to 729 mg/kg in rats (EPA, 
1986f), triclopyr is classified as slightly toxic (table 3-1). A systemic 
NOEL of 30 mg/kg/day was established, based on a 90-day rat feeding 

study that resulted in decreased body weight, food consumption, and 
absolute liver weights (EPA, 1986f). A 2-year feeding/oncogenic study 
opserved no effects on hematology, clinical chemistry, and urinalysis at 
30 mg/kg/day (HDT) (EPA, 1986£). In a recent 2-year chronic 
toxicity-oncogenicity study reported by Dow (1987a), no toxicological 
effects were observed in rats at 3 mg/kg/day. Male rats fed 12 and 36 
mg/kg/day had increased absolute and relative kidney weights. Acute and 
primary dermal tests revealed that triclopyr was slightly irritating to the 
skin of rabbits (EPA, 1986f). A primary eye irritation test demonstrated 
that triclopyr was irritating to rabbit eyes (EPA, 1986f). 


A 228-day dog feeding study resulted in a systemic NOEL of less than 5 
mg/kg/day, based on decreased weight gain and food consumption (Dow, 1983, 
as cited in USDA, 1984; EPA, 1986f). A 6-month feeding study with dogs 
resulted in the establishment of a systemic NOEL of 2.5 mg/kg (HDT) (40 CFR 
Part 180 50(84):184-85, May 1, 1985). The effects found in the dog 
studies are not representative of effects expected in humans because dogs 
have a limited capacity for organic anion transport in the kidney (Dow, 
1985). Dogs excrete triclopyr at a slower rate than other laboratory 
animals or humans. The half-life of triclopyr for urinary excretion in 
dogs is 96 hours, compared to 1.5 hours in rats and 3.1 hours in monkeys. 
Dow concluded that toxicity may be increased in dogs because of the greater 
relative retention time of the compound in the animal's body. Therefore, 
the use of the NOEL from the dog study (the lowest NOEL found in the 
literature) in this risk assessment is very conservative and tends to cause 
an overestimate of expected effects in humans with normal renal function. 
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In a rat study, teratogenic effects were not observed at 200 mg/kg/day, the 
highest dose tested (EPA, 1986f). However, the fetotoxic NOEL was reported 
as 50 mg/kg/day, based on retarded week weiter of skull bones. The 
maternal NOEL was established as less than 50 mg/kg/day, based on reduced 
body weight gain and food consumption. A three- -generation rat reproduction 
study reported a reproductive NOEL of greater than 30 mg/kg/day (HDT) (EPA, 
1986f). No teratogenic effects were observed in two rabbit teratology 
studies, although one study reported fetotoxic effects at the lowest dose 
of 10 mg/kg/day (EPA, 1986f). 


Animal Metabolism and Elimination 


The herbicides evaluated in this risk assessment are rapidly excreted when 
administered to animals. Elimination of 90 percent or more, within 2 hours 
to 5 days, was reported for most of the 11 herbicides. Table 3-4 displays 
the elimination rates of the 14 chemicals. In addition to the rapid 
elimination of the herbicides, tissue retention studies showed low residue 
concentrations in animal tissues (USDA, 1984). 


Based on the high elimination rates and low tissue retention, the 
herbicides used for Region 8 vegetative management present a very low risk 
for bioaccumulation. Bioaccumulation analyses were therefore not conducted 
for this risk assessment. 


MUTAGENICITY OF THE 14 HERBICIDES AND ADDITIVES 


This subsection presents a review of the available information on the 
mutagenic hazard of the 14 chemicals. Table 3-5 summarizes the tests on 
each of the herbicides and light fuel oil for each category of testing 
recommended by EPA in their guidance documents on mutagenicity (EPA, 1978, 
19864). The source used for summarizing the mutagenicity tests is defined 
for each pesticide at the bottom of the table. Mutagenic assays that did 
not fall into any of the categories are not listed in the table. Table 3-5 
also presents the relevance of the recommended tests to a determination of 
human mutagenic potential according to Dr. David Brusick of Litton 


Bionetics, Inc., author of Principles of Genetic Toxicology (1980). 


EPA has adopted the battery of tests scheme in order to assess the 
potential mutagenic hazard of chemicals. Three groups of tests are used to 
detect gene mutations, chromosomal aberrations, and primary DNA damage. 
Tests in each category have their own strengths and weaknesses in 
determining mutagenicity. This testing scheme is designed such that the 
strengths of some tests cover areas where other tests are weak. All test 
results within a group are not expected to be the same (Brusick, 1980). 
Thus, the determination of the mutagenic potential of a chemical must be 
based on the weight-of-evidence from the battery of tests, with 
consideration to each test's ability to predict human mutagenic effects. 


In general, for all three test categories, EPA (1986) places greater 
emphasis on assays conducted in germ cells than in somatic cells (for 
detecting heritable mutations), in vivo rather than in vitro, in eukaryotes 
rather than prokaryotes, and in mammalian species rather than submammalian 
species. In vivo mammalian systems are considered to be of greater value 
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Table 3-4 


Elimination rates of the 14 herbicides and additives#@ 
constdered for use in Region 8 


ee ee eo aa 


Chemical 


Test. Anima, 


Elimination Rate 


0 ee ee See ee ee ee er eae 


2,4-D 


2,4-DP 
Diesel Ouel 


Dicamba 


Fosamine 
Glyphosate 


Hexazinone 


Imazapyr 
<erosene 
Limonene 


Picloram 


Sulfometuron 
methyl 


Tebuthiuron 


Triclopyr 


Ralte 
Rat 


Rai 
NAD 


Raut 
Mouse 


Rat 
Rabbit 


ats 
Rat 


Rat 
NA 
NA 


Dog 
Unspecified 


NA 
NA 


Rat 


93% within 2 hours (Grissom et al., 1985) 
100% within 5 days (Fisher et al., 1985) 


74% to 82% within 4 days (EPA, 1984a) 
NAD 


100% within 48 hours CEPA, 1984b) 
99% within 4 days (EPA, 1984b) 


99 to 100% within 72 hours (USDA, 1984) 
92% within 5 days (USDA, 1984) 


93% within 24 hours (USDA, 1984) 
94.2 to 100% within 72 hours (USDA, 1984) 


87% within 24 hours (American Cyanamid, 1985b) 
nab 

NAb 

90% within 48 hours (USDA, 1984) 

96% within 24 hours (Nolan et al., as cited 

in Lavy and Mattice, 1986) 

NAb 

nab 


83% to 91% within an unspecified period (USDA, 
1984) 


8The 9 chemicals for which information is availahle were excreted rapidly 
(EPA designation) by the mammals tested. 
bNot available. 
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because of their similarity to human physiology and metabolism. EPA 
(1986k) classifies the evidence for potential human germ cell mutagenicity 
as sufficient, suggestive, or limited, depending on the results of various 
tests performed. For instance, positive results in even one in vivo 
mammalian germ cell mutation test are considered sufficient evidence for 
potential human mutagenicity of a specific chemical. 


Types of mutagenicity assays were discussed earlier in this chapter. As 
Stated, the most relevant mutagenic assays usually are in vivo studies and 
germ cell studies (for example, dominant lethal mouse and heritable 
translocation mouse assays). A mutated mammalian germ cell if fertilized 
could pose a serious problem for the developing fetus. The individual (if 
capable of reproducing) would pass the defective genome to the next 
generation, thereby establishing heritable genetic sickle cell anemia and 
cystic fibrosis. Thus, germ cell studies are considered relevant to 
evaluating the heritable mutagenicity of chemicals. In vitro studies using 
mammalian cells are of less importance because of the high percentage of 
false positive findings resulting from interactions between the cultured 
cells and media conditions. Tests for detecting primary DNA damage (group 
3 in table 3-5) are not applicable in determining the human mutagenic 
potential of a chemical. 





The majority of tests reviewed were those indicated as valid by EPA in 
toxicity test summaries (tcx one-liners or EPA science chapters). If these 
sources were not available, studies of mutagenicity were obtained from USDA 
pesticide background statements, which reported studies from the open 
literature. Results reported within the same study for different test 
species or different test types (for example, inactivated and activated 
assays) were counted as individual tests. Therefore, a single study 
reported in EPA tox one-liners may be represented more than once in table 
3-5. For instance, one study that reported positive results in the Ames 
reverse mutation test for bacteria Salmonella spp. and E. coli, both 
activated and inactivated, would represent four positive results in 
category 1A. Males and females, as well as different strains of the same 
species, were counted as one test only, unless different results were 
reported for each. 


For some of the herbicides, mutagenicity tests conducted are insufficient 
to conclude whether the chemical is mutagenic. In these cases, the results 
of carcinogenicity tests (table 3-5) were used to estimate mutagenic risk, 
based on a high correlation between mutagenic and carcinogenic activity 
reported in several studies (Blackburn et al., 1984; Pogodina et al., 1984; 
Parodi et al., 1981, 1982, 1983a,b). However, because correlations vary 
greatly according to the class of chemicals and the type of test used, 
carcinogenicity should not be viewed as a definitive predictor, but rather 
as a possible indicator of mutagenicity. 


2,4-D 


No mutagenicity studies were reported on the most current EPA tox one-liner 
for 2,4-D (EPA, 1986b). Studies not evaluated by EPA have determined 
negative, weakly positive, and positive mutagenic responses to 2,4-D 
exposure for various test systems (USDA, 1984; WHO, 1984). Mutagenic 
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assays with 2,4-D have yielded conflicting results in gene mutation tests 
with eukaryotic organisms and insects, in chromosomal aberration tests with 
mammals, or mammalian cells, and in primary DNA damage tests in 
prokaryotic, eukaryotic, and mammalian organisms (USDA, 1984). Conflicting 
results were reported for many of the tests (USDA, 1984). Tests of ae eb 
for gene mutation in bacteria were all negative (USDA, 1984). Mutagenic 
and toxic effects in yeast were dependent on low pH levels. Although 
toxicity to bacteria was pH dependent, mutagenicity was not (USDA, 1984). 
Newton and Dost (1981) concluded that 2,4-D may be a weak mutagen but that 
it is "without significance as an environmental mutagenic hazard." EPA has 
requested additional data to evaluate the mutagenic potential of 2,4-D in 
mammalian test systems. Although the mutagenicity of 2,4-D is uncertain, 
2,4-D is evaluated as if it were mutagenic for this risk assessment. 


2,4-DP 


2,4-DP was nonmutagenic when tested in two microbial assays, both activated 
and nonactivated (EPA, 1984a). However, positive results were reported in 
a nonactivated reverse gene mutation assay with yeast reviewed by EPA 
(1984a). EPA also reported a bacterial assay that was positive for 
unscheduled DNA synthesis with metabolic activation, but it was negative 
without activation. Positive results were reported in yeast for mitotic 
gene conversion, while negative results were reported for mitotic 
recombination (EPA, 1984a). Based on the inconsistent genotoxic responses 
and the positive oncogenic effects observed in a chronic oncogenic feeding 
study of rats, 2,4-DP is evaluated as if it were mutagenic for this risk 
analysis. 


Dicamba 


Bacterial studies with dicamba reported negative results for gene mutation, 
with and without metabolic activation (EPA, 1986g). In addition, EPA 
(1986g) reported negative results for unscheduled DNA synthesis with and 
without activation. EPA (1986g) reviewed five other mutagenicity tests 
that were judged invalid or unacceptable. In studies reviewed by USDA 
(1984), dicamba was nonmutagenic in eight of ten tests. Five bacterial 
point mutation assays and three DNA damage assays were negative for 
mutagenicity, while two bacterial tests for DNA damage were positive. 

Based on the available evidence, dicamba is assumed to be nonmutagenic for 
this risk assessment. 


Fosamine 


In studies reviewed by EPA (1987a), fosamine caused chromosome aberrations 
in activated and nonactivated in vitro cytogenetic assays of Chinese 
Yamster ovary cells, but it was negative in a rat cytogenetic in vivo assay 
and a rat DNA damage/repair assay. Other studies reviewed in USDA (1984) 
reported that fosamine was nonmutagenic when tested with and without 
metabolic activation in bacterial assay systems and a point mutation assay 
with mammalian germ cells in vitro. Fosamine is considered nonmutagenic 
for this risk assessment. 
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Glyphosate 


Glyphosate was nonmutagenic in bacterial assays for gene mutation and 
primary DNA damage, and it also was nonmutagenic in mammalian assay systems 
both in vitro and in vivo (EPA, 1986c,j). There is no evidence to indicate 
that it is mutagenic, so it is considered nonmutagenic for this risk 
assessment. 


Hexazinone 


Hexazinone was nonmutagenic in Ames assays, in an in vitro mammalian point 
mutation assay, in an assay of unscheduled DNA repair synthesis in 
mammalian somatic cells, and an in vivo mammalian cytogenetic assay (EPA, 
1986d; USDA, 1984). Hexazinone induced chromosome damage in an in vitro 
cytogenetic assay with Chinese hamster ovary cells both with and without 
metabolic activation (EPA, 1986d). This effect was observed only at very 
high levels and could be caused as a secondary effect of an (unevaluated) 
metabolic imbalance, such as high ionic concentrations or pH. Based on 
these results, hexazinone is considered nonmutagenic to humans for this 
risk analysis. 


Imazapyr 


Imazapyr was nonmutagenic in the Ames bacterial assays (with and without 
metabolic activation), the dominant lethal mouse assay, a Chinese hamster 
ovary in vitro cytogenetic assay, an unscheduled DNA repair synthesis test, 
and the Chinese hamster ovary cell HGPRT assay (gene mutation mammalian 
germ cell test) (American Cyanamid, 1985a, 1986). Based on these results, 
imazapyr is determined to be nonmutagenic for this risk assessment. 


Light Fuel Oil (Diesel Oil and Kerosene) 


Diesel oil was nonmutagenic when tested with and without metabolic 
activation in the Ames assay and the mouse lymphoma assay. However, it was 
found to be clastogenic (causing chromosomal breaks) in rat bone marrow 
cells (Conaway et al., 1982). Kerosene was nonmutagenic when tested with 
and without metabolic activation in the Ames assay, the mouse lymphoma 
assay, and the rat bone marrow cell assay (Conaway et. al., 1982). 

However, because diesel oil and kerosene contain polycyclic aromatic 
hydrocarbons (PAH's) and other constituents that are known or suspected 
mutagens, they are considered to be mutagens for this risk assessment. 


Limonene 


No mutagenicity studies of limonene have been reported in the literature or 
by EPA. Limonene is considered a "Generally Regarded As Safe" (GRAS) 
chemical by the Food and Drug Administration (Furia and Bellanca, 1975). 
Limonene is used as a food flavoring agent and can be found in baked goods, 
gelatin and puddings, and chewing gum. This commonly used chemical has 
never been suspected of being mutagenic, and, as a result, has never been 
tested. Thus, limonene is considered to be nonmutagenic for this risk 
assessment. 


Sol 


Picloram 


Picloram was nonmutagenic in bacteria and eukaryotic microorganism assay 
systems and in the rat in vivo cytogenetic assay (USDA, 1984; EPA, 19384¢), 
Picloram was mutagenic ‘in one bacteria assay on a previously untried system 
using Streptomyces spp. (USDA, 1984), which has not teen validated for use 
in the standard battery of tests for mutagenicity. EPA (1984f) determined 
that another study that reported positive results in human lymphocytes was 
insensitive and incapable of being used to determine mutazenicity. EPA has 
requested additional picloram mutagenicity studies. There is no evidence 
that picloram presents a mutagenic risk to humans. It is considered 
nonmutagenic in this risk analysis. 


Sulfometuron Methyl 


Sulfometuron methyl was nonmutagenic when tested in an activated Salmonella 
assay (bacteria gene mutation test) and a Chinese hamster ovary cell assay 
(mammalian germ cell test) (EPA, 1984c). DuPont (1986) also reported 
negative results for in vitro cytogenetic and unscheduled DNA synthesis 
assays in mammals. Based on these results, sulfometuron methyl is 
considered nonmutagenic for this risk assessment. 


Tebuthiuron 


Tebuthiuron was nonmutagenic when tested with and without metabolic 
activation in bacterial assay systems, in a dominant lethal rat assay, and 
in an activated mouse lymphoma cell assay. It was mildly mutagenic in a 
mammalian somatic test cell without metabolic activation. Based on the 


battery of tests performed, tebuthiuron is assumed to be nonmutagenic (EPA, 
1986e). 


Triclopyr 


Except for a dominant lethal rat assay in which weakly positive results 
were observed, triclopyr was nonmutagenic in various test systems, 
including bacteria and yeast assays, a dominant lethal mouse assay, 
cytogenetic mammalian assay in vivo, and a bacteria recombination assay 
(EPA, 1986f). Therefore, triclopyr is not considered a potential human 
mutagen in this risk assessment. 


CARCINOGENICITY OF THE 14 HERBICIDES AND ADDITIVES 


The following discussion summarizes the results of cancer tests and other 
chronic tests that have been used to determine whether any of the 14 
herbicides and additives being considered for use in Region 8 are 
carcinogenic. Table 3-6 presents a summary listing of the results of the 
chronic studies. 


The next subsection on cancer potency summarizes the results of the analysis 
of tumor data on the four herbicides--2,4-D, 2,4-DP, glyphosate, and 
picloram--that have tested positive in at least one cancer study or have 
uncertainty regarding carcinogenicity. 
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Table 3=6 


Summary of mutagenicity and oncogenicity of pesticides 


Chemical 


Herbicides 


2. 4-) 


2,4-DP 


Dicamba 


Fosamine 


Glyphosate 


Hexazinone 


Imazapyr 


Light fuel oil 


Limonene 


Mutagenicity 


Mutagenic in 13/40 
assays (USDA, 1984) 


Mutagenic in 3/7 assays 


(EPA, 1984a) 
Mutagenic in 0/5 assays 
(EPA, 1986¢) 


Mutagenic in 2/8 
assays (EPA, 1987b; 
DuPont, 1983a) 


Mutagenic in 0/13 assays 
(EPA, 1986c) 
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DuPont, 1984) 


Mutagenic in 
(EPA, 1986d; 


Mutagenic in 0/6 assays 
(American Cyanamid, 1985a) 


Diesel oil--mutagenic in 
1/5 assays (Conaway et al., 
1982) 


Kerosene--mutagenic in 
0/5 assays (Conaway 
Perales. Looe) 


No mutagenicity studies 
reported 


Oncogenicity 


Oncogenic in 1/4 studies (EPA, 
1984e; Hazelton Laboratories, 

1986; EPA, 1986L); scientific 
uncertainty (Rueber, 19/79, as 

cited in BLM, 1985) 


Oncogenic in 1/2 
studies (EPA, 1984a) 


Oncogenic in 0/3 studies 
(EPA, 1986i,L) 


No chronic studies available 
(EPA, 1987a; USDA, 1984); 
oncogenic in 0/2 subchronic 
studies (USDA, 1984) 


Possibility of weak oncogenic 
effect in l/2)studies CEPA; 
LOS Sie Cje SClenetr 1 ¢ 
uncertainty (EPA, 1986L) 


Oncogenic in 0/2 test species 
(EPA, 1986d) 


No oncogenic effects observed 
during the first 12 months of 
a 2-year rat study 
(Biodynamics Inc., undated) 


Contains aromatic compounds 
reported to be carcinogenic 


No oncogenicity studies 
reported 


Table 3-6 (continued) 
Summary of mutagenicity and oncogenicity of pesticides 


ee 


Chemical Mutagenicity Oncogenicity 
Picloram Mutagenic in 1/10 assays Oncogenic in 1/3 studies (EPA, 
(USDA, 1984; EPA, 1984f) 1984c; Dow, 1987a) 
Sulfometuron Mutagenic in 0/4 assays Oncogenic in 0/2 studies 
methyl (EPA, 1984d; DuPont, (DuPont, 1986) 
1983b) 
Tebuthiuron Mutagenic in 1/7 assays Oncogenic in 0/1 study 
(EPA, 1986e) (EPA, 1986e) 
Triclopyr Mutagenic in 1/10 Oncogenic in 0/3 
bacterial and cytogenetic studies (USDA, 1984) 


assays (EPA, 1986f) 


2,4-D 





A number of studies have assessed the carcinogenicity of 2,4-D, and thus 
far, there are no conclusive data demonstrating that 2,4-D is carcinogenic 
(International Agency for Research on Cancer, 1977; Mullison, 1981; State of 
Minnesota, 1978, all as cited in USDA, 1984). However, there is also 
general agreement that none of these studies was adequate (EPA, 1982a; 
International Agency for Research on Cancer, 1977, as cited in USDA, 1984; 
WHO, 1984). At least one scientist, Dr. M. Rueber, disputes the conclusion 
that a carcinogenic effect of 2,4-D has not been shown (Rueber, 1979, as 
cited in BLM, 1985). EPA has recently reviewed a long-term study on the 
oncogenic potential of 2,4-D. Preliminary findings indicate an increased 
incidence of brain tumors in rats (EPA, 1986d). But EPA's review of this 
recent cancer study is not yet complete. EPA has requested an independent 
expert to review the brain tissue slides from this study and may also 
request a review of this study by the Scientific Advisory Panel. Thus, a 
thorough review of this study may take months to complete. Therefore, EPA 
does not believe it is now appropriate to derive a specific numerical 
estimate of cancer potency based on the new data, but has stated that, from 
its preliminary review, the level of cancer potency indicated by the 
reported results would be of about the same order of magnitude as the 


potency value based on the Hansen study that has been used in previous risk 
analyses (EPA, 1986d). 


At 106 weeks, a preliminary pathology report from a recent mouse study 
found that 2,4-D was not oncogenic at dosages of 1, 15, and 45 mg/kg/day 
(Hazelton Laboratories, 1986). 


The link between human exposure to phenoxyacid herbicides and cancer has 
been examined in several epidemiology studies. In the mid- and 
late-1970's, Hardell and colleagues (Hardell and Sandstrom, 1979; Eriksson 
et al., 1981; Hardell et al., 1981) conducted a series of case-control 
studies in rural Sweden. These studies found a significant increase of 
five- to sixfold in the relative risk of soft-tissue carcinomas, Hodgkin's 
disease, and non-Hodgkin's lymphoma (NHL) among farmers using various 
herbicides. However, because of selection and observation biases and 
uncontrolled confounding variables, the validity of the studies’ results 
(Colton, 1986) have been questioned. In addition, cohort studies of 
Swedish agricultural and forestry workers by Wiklund and Holm (1986a,b) do 
not support the results of Hardell and colleagues. 


Recently, Hoar et al. (1986) completed a case control epidemiologic study 
in Kansas, in which they examined the risk of lymphoma and soft-tissue 
sarcoma (STS) in men from agricultural herbicide exposure. The study found 
no association between exposure and STS or Hodgkin's disease. A 
significant association for NHL and phenoxyacetic acid herbicide exposure, 
singling out 2,4-dichlorophenoxyacetic acid exposure, was reported. In 
addition, individuals exposed to herbicides for more than 20 days per year 
had a sixfold increase in NHL. This study, however, suffers from the same 
inherent limitations as other case-control studies, mainly that it relies 
on the subject's and the next of kin's recall of exposure status. If 
recall is faulty, misclassification occurs. Assessing exposure-disease 
relationships in these types of epidemiological studies is especially 
difficult (Thomas, 1986). For example, common exposures to other 
carcinogenic agents or other factors may result in disease but be 
undiscovered in the interview and confound the results. Thus, uncontrolled 
confounding factors in observational epidemiological studies can be 
particularly troublesome in interpreting the results. The apparent 
dose-response relationship observed in the Hoar et al. (1986) study for NHL 
is of public health concern and needs further examination. 


A recent review of the Hoar et al. (1986) study conducted for EPA by Brian 
MacMahon, M.D., Ph.D., of the Harvard School of Public Health, concluded as 
follows: 


In my opinion the weight of evidence does not support the 
conclusion that there is an association between exposure to 
2,4-D and NHL. It is axiomatic that, except when relative 
risks are very high--and sometimes even then--no single study 
will establish an association between an exposure and an 
outcome. The acceptance of an association depends on a number 
of studies showing consistent results across populations and 
across different epidemiologic methods. The study of Hoar et 
al. is a strong study--strong enough on its own to establish a 
hypothesis of relationship of exposure to 2,4-D with some 
small proportion of cases of NHL--a hypothesis that clearly 
deserves attempts at refutation or support in other 
populations. When one attempts to place the results of this 
study among the results of those published previously, the 
picture becomes very confusing-—much more so than if Hoar et 
al. had been the only study published. Taken as a whole, I 
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believe that the weight of evidence indicates that an 
association between 2,4-D and NHL remains a hypothesis that is 
still to be tested. I am unwilling to speculate as to whether 
2,4-D causes NHL (or some cases of NHL) until the evidence is 
clear that there is an association between them. 


Other recent case-control studies of phenoxy herbicides have been reviewed 
by the Canadian Centre for Toxicology (1987). A study conducted in western 
Washington State reported no overall increased risk associated with past 
occupational exposure to phenoxy herbicides for STS or NHL (Woods et al., 
1987). There was an elevated risk of NHL for men who had been farmers, 
forestry herbicide applicators, and those potentially exposed to phenoxy 
herbicides for 15 years or more during the period prior to 15 years before 
cancer diagnosis. However, exposure to 2,4-D was not singled out. 


Another study reviewed by the Canadian Centre for Toxicology (1987) is 
being conducted by the National Cancer Institute in Iowa and Minnesota. 
Preliminary results indicate no overall increased risk for NHL associated 
with living or working on a farm, and a slightly elevated (but not 
significant) risk in persons using 2,4-D (Cantor and Blair, 1986). The 
investigators have decided to recontact subjects to gather more information 
on the number of days per year of pesticide use. 


Two recent case-control studies conducted in New Zealand were negative for 
soft-tissue carcinoma (Smith et al., 1984) and NHL (Pearce et al., 1986) in 
association with phenoxy herbicide exposure. 


In a recent cohort study of forestry workers in Ontario, no evidence of 
increased mortality risk or cancer risk was observed after 15 or more years 
of employment associated with phenoxy herbicide use (Green, 1986). The 
forestry workers had been employed by Ontario Hydro during the period 1950 
through 1982. 


Following the review of 2,4-D epidemiology studies, the Canadian Centre for 
Toxicology (1987) concluded that there is limited evidence of 
carcinogenicity in man from exposure to phenoxy herbicides, and there is 
inadequate evidence to classify 2,4-D as a carcinogen. 


Now under way are at least two more studies that should be helpful in 
assessing risks to humans from the use of 2,4-D and other phenoxy 
herbicides (Colton, 1986). Because of the uncertainty about the 
carcinogenicity of 2,4-D, a cancer risk analysis will be conducted for 
2,4-D in this risk assessment. 


2,4-DP 


Available evidence indicates that 2,4-DP is carcinogenic in rats 

(EPA, 1982b). A 2-year feeding study with rats showed tumor formation at 
doses as low as 25 mg/kg/day (EPA, 1984a). At all doses tested (25, 50, or 
150 mg/kg), malignant tumors were induced in test animals. Another study 
using mice as the test species showed no oncogenic effects at the highest 
dose tested (300 mg/kg/day) (EPA, 1984a). 2,4-DP is assumed to be a human 


3=36 





carcinogen for the purposes of this analysis, and a risk assessment is 


presented in section 5. 2,4-DP's cancer potency is discussed in the next 
subsection. 


Dicamba 


Available evidence does not indicate that dicamba is carcinogenic. A 2-year 
rat feeding/oncogenic study resulted in the absence of any toxic or 
oncogenic effects of dicamba at 25 mg/kg/day (HDT) (EPA, 1986¢). No 
oncogenic effects were reported in a 2-year dog feeding study; the only 
effect seen was decreased body weight (EPA, 1986g). Although the dog study 
was not conducted as a cancer study, it does provide the results of 
pathologic analyses after long-term exposure. EPA has requested additional 
cancer studies for dicamba because the available studies are not considered 


adequate for defining the oncogenic potential of dicamba based on EPA 
guidelines under FIFRA (EPA, 1985a). 


A recent 2-year rat study accepted by EPA (1986i) showed no oncogenic or 
systemic effects at the highest dose tested (125 mg/kg/day). For this risk 
assessment, dicamba is considered nononcogenic. 


Fosamine 


Very limited data are available regarding the carcinogenic potential of 
fosamine. In a 6-month dog feeding study, oncogenic effects were not noted 
at the highest dose tested of 125/187.5/250 mg/kg/day (125 mg/kg/day for 1 
week, 187.5 mg/kg/day for 2 weeks, and 250 mg/kg/day for the remainder) 
(Schneider and Kaplan, 1983, as cited in USDA, 1984). In a 90-day rat 
feeding study, no oncogenic effects were apparent in rats fed 250/500 
mg/kg/day (Schneider and Kaplan, 1983, as cited in USDA, 1984). However, 
these two studies were not conducted specifically to determine the 
potential for fosamine to cause cancer. No 2-year chronic 
feeding/oncogenicity studies have been reported for fosamine. Therefore, 
there are insufficient data to determine the cancer risk for fosamine in 
this risk assessment. 


Glyphosate 


A 26-month rat feeding study found no oncogenic effects at doses up to 

31 mg/kg day (EPA, 1986g). However, this study has been downgraded to 
supplementary by EPA because the maximum tolerated dose (MTD) was not 
reached at the high dose. Benign kidney tumors (renal tubular adenomas; 
3/50) were found at a highest dose level (4,500 mg/kg/day), as well as in 
the control group (1/50) in a 2-year mouse feeding study. However, the 
findings were equivocal (EPA, 1986}). The EPA Science Advisory Panel (SAP) 
has reviewed all relevant data and concluded that the oncogenic potential 
of glyphosate could not be determined from existing data and proposed that 
the study be repeated to clarify these findings (EPA, 1986j). 


Following a review of the available carcinogenicity studies, the Food and 


Agriculture Organization and World Health Organization (1986) jointly 
concluded that there is no evidence that glyphosate is carcinogenic. 
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EPA, however, is requiring that the mouse study be repeated with more 
animals in each test group to increase the statistical significance of the 
study. In view of the uncertainty about the carcinogenicity of glyphosate, 
a cancer risk analysis will be conducted in this risk assessment. 


Hexazinone 


Available evidence does not indicate that hexazinone is carcinogenic. In 
2-year mouse and rat feeding studies, no oncogenic effects of hexazinone 
were observed at any of the doses tested (10, 50, and 125 mg/kg/day in 
rats, and at the testing levels of 30, 375, and 1,500 mg/kg/day in mice) 
(USDA, 1984). Hexazinone is considered nononcogenic for this risk 
assessment. 


Imazapyr 


No evidence of carcinogenicity was observed within the first 12 months of a 
chronic feeding/oncogenicity study in rats fed 500 mg/kg/day, the highest 
dose tested (Biodynamics, Inc., undated). An 18-month mouse oncogenicity 
study is currently in progress (American Cyanamid, 1987). Further study 
results must be obtained before the carcinogenic potential of imazapyr can 
be determined. 


Light Fuel Oil (Diesel Oil and Kerosene) 


The oncogenic potential of petroleum fuels is directly related to refinery 
processing methods used to obtain the petroleum product and the crude oil 
composition from which the fuel was derived. An evaluation of the 
composition of petroleum fuels has revealed that a positive correlation 
exists between polycyclic aromatic hydrocarbon (PAH) content and 
carcinogenicity in human epidemiology studies or experimental laboratory 
studies (Bingham et al., 1979). 


Diesel fuel is usually a straight-run distillation product composed of a 
complex variable mixture of hydrocarbons with a boiling point range of 1/75 
to 370 °C (DOE, 1983). Although the aromatic content ranges to 35 percent, 
few of them are polycyclic compounds. Diesel fuel has not been shown to be 
carcinogenic. In a 2-year oncogenic skin painting study, which was 
terminated after 62 weeks because of the presence of extensive skin 
lesions, Swiss Epley mice were exposed to 0.05 ml (41 mg) of diesel fuel 
products. Skin carcinomas were found in 2 of 50 animals, which was not 


statistically significant by chi-square analysis (American Petroleum 
Institute, 1983b). 


Kerosene is a straight-run distillation product with a boiling point range 
of 175 to 325 °C (HSDB, 1987a) and an aromatic content of 18 percent 
(Conaway et al., 1982). Higher boiling point (greater than 370 °C) 
petroleum products that are subjected to additional refinement processes, 
such as cracking or hydrogenation, and that contain polycyclic aromatics 
may be carcinogenic to experimental animals (Bingham et al., 1979). 


Specific substances that are known or suspected of being carcinogenic, 
which are contained in diesel oil and kerosene in small amounts, include 
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benzo(a)pyrene and benzene (Bingham et al., 1979). Benzo(a)pyrene (BaP), a 
potent carcinogen, is a PAH that also occurs at low levels in foods and in 
products of combustion, including cigarette smoke (Bingham et al., 1979). 
Bioassays indicate that the concentration of this single carcinogen can 
often serve as a guide in predicting carcinogenic potency, although other 
substances are also known to be involved (Bingham et al., 1979). There is 
sufficient evidence to conclude that BaP is carcinogenic in experimental 
animals: BaP has incited tumors in all of the nine species for which data 
have been reported, despite the use of different methods of administration 
(U.S. Department of Health and Human Services (DHHS). 1985). These studies 
reported both local and systemic carcinogenic effects. 


For benzene, another aromatic hydrocarbon known to be present in petroleum 
fuels, there is sufficient evidence to indicate that it is carcinogenic in 
experimental animals and in humans (U.S. DHHS, 1985). Benzene has been 
shown to cause leukemia in chronically exposed workers (U.S. DHHS, 1985). 


Because of the carcinogenicity of the aromatic hydrocarbons found in diesel 


fuel and kerosene, these light fuel oils are considered carcinogenic for 
this risk assessment. 


Limonene 


No chronic studies have been reported for limonene. However, studies have 
indicated regression and inhibition of tumor growth following dietary 
administration of d-limonene (Elegbede et al., 1986a; Elegbede et al., 
1986b; Van Duuren and Goldschmidt, 1976). There are insufficient data to 
determine the cancer risk for limonene in this risk assessment. 


Picloram 


There has been disagreement among experts on the interpretation of studies 
about the potential of picloram to cause cancer. A rat oncogenicity study, 
in which test animals were exposed to an average of 743 mg/kg/day, was 
reported to be negative for oncogenic effects ‘n males. However, benign 
liver tumors (nodules) were observed in females (EPA, 1984f). A recently 
reported 2-year rat chronic toxicity-oncogenicity study observed no 
treatment-related increases in tumor incidence at any dose level (20, 60, 
or 200 mg/kg/day) (Dow, 1987a). A mouse oncogenicity study showed no tumor 
formation at dietary exposure levels ranging from 5,000 to 15,000 ppm (750 
mg/kg to 2,250 mg/kg) (EPA, 1984f). Because of the female rat results a 
cancer risk analysis will be conducted on picloram in this risk assessment 
as if picloram is carcinogenic. 


Sulfometuron Methyl 


No oncogenic effects were reported from a 2-year rat feeding or the l-year 
chronic dog feeding studies (DuPont, 1986). Based on these data, 
sulfometuron methyl is not considered carcinogenic for this risk assessment. 
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Tebuthiuron 


Available evidence does not indicate that tebuthiuron is carcinogenic. In 
2-year mouse and rat feeding studies, no oncogenic effects of tebuthiuron 
were observed up to 240 and 400 mg/kg/day (HDT, respectively) (EPA, 

1986e). For the purpose of this risk assessment, tebuthiuron is considered 
nononcogenic. 


Triclopyr 


Available data do not indicate that triclopyr is carcinogenic. For both 
rat and mouse 2-year feeding studies, no oncogenic effects were apparent in 
test animals exposed to triclopyr (30 and 36, respectively) (EPA, 1986f; 40 
CFR Part 180 50(84):184-85, May 1, 1985). A recent 2-year chronic 
toxicity-oncogenicity study in rats has been submitted in response to EPA's 
request for a repeat rat oncogenicity study (Dow, 1987a). A statistically 
significant increase in mammary tumors was observed when the number of 
adenomas (1) and adenocarcinomas (4) were combined for high dose females 
(36 mg/kg/day) (Dow, 1987a). However, the researchers reported that the 
incidence was within a range of historical controls and the statistical 
result was partially because of the low incidence (0) in control rats. 
Based on these results, triclopyr is not considered carcinogenic for this 
risk assessment. 


CANCER POTENCY 


This subsection presents the results of the cancer potency analysis for each 
of the herbicides assumed to be carcinogenic in this risk assessment. The 
cancer potency value is used later in the risk analysis to determine the 
human cancer risk under specified assumptions about lifetime human exposure. 


The cancer potency of a chemical is defined as the increase in likelihood 
of getting cancer from a unit increase in the dose of the chemical. An 
example of this relationship is illustrated by the graph in figure 3-2. 
The slope of the line specifies what the increase in cancer probability is 
for each unit increase in dose in mg/kg/day. The cancer potency value 
reflects the probability of getting cancer sometime in a person's lifetime 
for each mg/kg/day. 


The cancer potency is derived from tumor data generated in laboratory animal 
studies. Note in figure 3-2 that the dose levels used in the laboratory 
cancer studies are high, but those that humans are likely to experience 

from exposure to the environment are low. Note also that the line relating 


dose to cancer probability approximates a straight line in the low dose 
region. 


Several assumptions have been made in estimating cancer potencies. First, 
it is assumed that any dose, no matter how small, has some probability of 
causing cancer. This is an assumption based on the nonthreshold 
hypothesis, discussed previously, which postulates that even a single, 
extremely small dose may be enough to trigger cancer. Second, one of the 
principal areas ef scientific controversy in cancer risk assessment is 
extrapolating from the high doses used in animal studies to the far lower 
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Figure 3-2--Cancer potency curve 


doses humans may get. Models other than the linearized miltistage model, 
which assumes a straight line at low doses, as illustrated in figure 3-2, 
have been used for the extrapolation of cancer data to assess human risk. 
However, this model is believed to be reasonably conservative (not 
underestimating risk), and it is the model currently used by EPA. Cancer 
potency values reported by EPA were used for benzene and BaP. Third, the 
cancer potency used in the calculation of human risk in this analysis is 
not the maximum likelihood potency value, but the upper limit value of the 
95-percent statistical confidence interval. 


2,4-D 





2,4-D cancer potency was calculated based on the rate of tumor formation in 
the female Osborne—Mendel rats studied by Hansen et al. (1971). This is 
the species and sex that have exhibited the greatest increase in tumor 
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formation after 2,4-D administration. All tumors were considered, although 
many of them were benign. The conservative one-hit model was used to 
represent the relationship between dose and rate of tumor formation. The 
95-percent upper confidence limit of the cancer potency, calculated by 
Crump (1983) using the GLOBAL 82 computer program, was (0.00503 per 
(mg/kg/day). EPA (1986m) has stated that their preliminary review of an 
additional long-term oncogenicity study submitted to EPA indicates that the 
cancer potency level would be of about the same magnitude as the cancer 
potency calculated by Crump. 


2,4-DP 


A cancer study involving rats fed up to 200 mg/kg (EPA, 1982b) was used to 
derive 2,4-DP cancer potency. In this study, the highest dose group showed 
Signs of general toxicity because they were fed more than the maximum 
tolerated dose of 2,4-DP. Many of the females at all dose levels had 
tumors, but they did not show a dose-related responsee The high dose group 
actually had fewer malignant tumors than the intermediate dose group. 

Males showed a significant increase in the incidence of malignant tumors, 
with a corresponding decrease in the incidence of benign tumors. The 
tumors were primarily in the thyroid and pituitary glands. 


The 95-percent upper confidence limit for the cancer potency of 2,4-DP was 

estimated from the male rat data as 0.0124 per (mg/kg/day). Only malignant 
tumors were considered in this case, and the high dose group showing signs 

of general toxicity was not considered in order to give the highest cancer 

potency indicated by the data. 


Glyphosate 


Although glyphosate has not been shown to be a carcinogen, an upper limit 
for its cancer potency was estimated based on the rate of benign kidney 
tumor formation in male mice in the feeding study reported in EPA (1985d). 


The upper 95-percent limit of the cancer potency of glyphosate calculated 
from the kidney tumor data was 0.000026 per (mg/kg/day). 


Light Fuel Oil (Diesel Oil and Kerosene ) 


The carcinogenic potencies of diesel oil and kerosene have been estimated 
for this risk assessment based on the potencies of both benzene and BaP. 
EPA (1986n) has estimated the carcinogenic potency of BaP as 11.5 per 
(mg/kg/day). 


The carcinogenic potency of benzene, however, is much less than that of 


BaP. EPA has estimated the carcinogenic potency of benzene as 0.0445 per 
(mg/kg/day) (EPA, 19860). 


Samples of diesel oil and fuel oil have been found to have a BaP content of 
only 0.026 ppm, but No. 2 heating oil (which may be subjected to cracking, 
rather than being a straight-run distillation product) can contain 600 ppb 
(Bingham et al., 1979). The midpoint of this concentration range (313 ppb) 
has been used to calculate the carcinogenic potency of diesel oil, although 
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most diesel fuels can be expected to have a lower BaP content. The content 
of benzene in diesel fuel was assumed to be 28.5 ppm, based on analysis of 
water extracts of No. 2 fuel oil by Anderson (1975), with corrections for 
solubility relationships. The resulting estimate of carcinogenic potency 
of diesel oil is 0.0000049 per (mg/kg/day). Seventy-four percent of this 
potency is a result of the BaP component. 


Picloram 


The Gulf Research Institute conducted a carcinogenic bioassay of picloram 
in rats and mice for the National Cancer Institute (1978). There was 
evidence that picloram affected the livers of male and female rats, and the 
study concluded that the findings were "suggestive of ability of the 
compound to induce benign tumors in livers of female Osborne-Mendel rats." 


Using the one-hit model, a 95-percent upper confidence limit on picloram 
carcinogenicity has been calculated by Crump (1983) using the GLOBAL 82 
computer program. His estimate is 0.00057 per (mg/kg/day). 


INERT INGREDIENTS 


Inert ingredients are chemicals used with the active ingredient in 
preparing herbicide formilation. They are used to provide a carrier for 
the active ingredient that facilitates the effective application of the 
herbicide. MInerts are not intended to supplement the herbicide's toxic 
properties. Table 3-7 lists the percentage of inert ingredients in 
herbicides being evaluated for use in Region 8. 


This risk assessment characterizes human health risks by comparing 
estimated herbicide doses with toxicity levels found in laboratory animal 
studies. The estimated doses and laboratory hazard levels are based on the 
active ingredients of the proposed herbicides, not on the formulated 
products. This is reasonable because the active ingredients possess the 
intended pesticidal properties. However, consideration of the possible 
toxic properties of the remaining portion of the formulations, the inert 
ingredients, is also warranted as is the possibility of synergism from the 
combination of active and inert ingredients in the formulations. 


EPA (1987d) noted that concerns regarding the acute toxicity of inert 
ingredients are usually addressed through tests of the herbicides as 
formulated products. While the herbicides as formulated products have 
undergone acute toxicity testing, they generally have not undergone 
extensive chronic toxicity testing, or cancer, reproductive, developmental, 
or mutagenicity testing. The gap in the testing of the herbicides as 
formulated products, according to one view, gives rise to the inference 
that the environmental consequences, including hazards to human health, 
from using them are largely unknown. The hypothesis holds that regardless 
of what is known about a herbicide formulation's two components (the active 
ingredients and inerts), the possibility exists that the formulated product 
may pose a greater or lesser risk (due to synergism or antagonism) than 
separate consideration of each component may suggest. (Refer to the 
Synergistic Effects section of this risk assessment for a more detailed 
discussion of synergism.) Given the small amount of information that is 
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TAbLe A= 


Percentage of inert ingredients present in herbicide 


Chemical 


dies 


2,4-DP 


Dicamba 


Fosamine 


Glyphosate 


He xazinone 


Imazapyr 

Picloram 

Sulfometuron 
methyl 


Tebuthiuron 


Triclopyr 


Source: Pesticide labels. 


formilations used in Region 8 


Formulation 


Esteron 99® 
Weed Rhap A-4D® 
Weedar 64° 


Weedone® 
Weedone CB® 


Banvel® 
Banvel 720® 
Banvel CST® 


Krenite® 
Krenite $® 


Roundup © 


Rodeo® 
Accord® 


Velpar L® 
Pronone 10G® 
Pronone 5G® 


Arsenal® 


Tordon 101® 
Tordon 101R® 


Oust® 

Spike 40° 
Spike DF® 
Spike 5G® 


Garlon 3A® 
Garlon 4® 


Percent Inerts 


BNI: 
53.26 
Daboe 


36.3 
76.4 


43.1 (100% water) 
59.5 (100% water) 
F254 


58.5 (89% water) 
58.5 (70% water) 


59 (85% water) 


46.5 (100% water) 
59 (100% water) 


15 
90 
a2 
72.4 


50.2 
dad 


Zo 
60 


15 
95 


available on each herbicide's formulation, this possibility cannot be 
discounted entirely, neither can it be presumed to be true. The 
possibility that herbicidal formulations may pose greater risk than their 
components is largely an untested hypothesis, and where acute toxicity data 


are available for herbicidal formulations, this hypothesis has been 
disproven. 


An alternate viewpoint, the one adopted in this risk assessment, is that 
the data gaps about the herbicides as formulated products are not a primary 
concern because the risks posed by the herbicides' active ingredients are 
Overstated. Any risk posed by the herbicides as formulated products is 
considered to be characterized by the analysis of the active ingredients. 
The herbicides’ active ingredients have undergone cancer, reproductive, 
developmental, and mutagenicity tests of varying degrees. The herbicides' 
inerts have undergone categorization according to their suspected toxicity 
and predicted risks. With only one exception, kerosene, which is being 
addressed in this risk analysis, no specific concern exists with the 
herbicides' inerts. Thus, because the herbicides' active ingredients here, 
not their inerts, are the source of toxicity, it logically follows that any 
analysis drawing attention to the former as opposed to the latter is 
properly focused. 


Toxicity of the Inert Ingredients 


With respect to the toxicity of the inert ingredients alone, EPA's Office 
of Pesticide Programs (EPA, 1986p) has identified about 1,200 inert 
ingredients that are now used in approved pesticides and has reviewed the 
available evidence concerning their toxicity. The data included laboratory 
toxicity tests, epidemiological data, and structure/activity 

relationships. A particular concern in reviewing the inerts was their 
potential for causing chronic human health effects. On completion of its 
review, EPA categorized the 1,200 inerts into four lists. 


List 1 contains about 55 inerts that have been shown to be carcinogens, 
developmental toxicants, neurotoxins, or potential ecological hazards 
and that merit the highest priority for regulatory action. 


List 2 contains approximately 50 inerts that have been given high 
priority for testing because toxicity data are suggestive, but not 
conclusive, of possible chronic health effects or because they have 
structures similar to chemicals on List l. 


List 3 contains about 800 inerts that are of lower priority because no 
evidence from toxicity data or from a review of their chemical 
structure would now support a concern for toxicity or risk. 


List 4 of about 300 inerts contains those inerts generally recognized 
as safe. 


Because EPA normally classifies inert ingredients as "Confidential Business 
Information," information on them does not have to be released by EPA to 
the public under the Freedom of Information Act. (See also 40 CFR 
1506(a).) Nonetheless, the Forest Service requested that EPA review the 


3-45 


herbicides proposed for use and disclose whether any of them contain inert 
ingredients of or suggesting toxicological concern. EPA has completed this 
review for some of the chemical formulations and is currently reviewing the 
remaining formulations. EPA will inform the Forest Service when the review 
is complete. The Forest Service has also requested information on inerts 
from the chemical companies that manufacture the herbicides. The chemical 
companies have voluntarily submitted this information to the Forest Service. 


So far, EPA and the chemical companies have identified only one inert 
ingredient on either List 1 or List 2 (see table 3-8). This ingredient is 
Kerosene, which is considered a "petroleum hydrocarbon"; it is on List 2, 
and therefore has high priority for testing. Kerosene is used as a solvent 
in a number of formulations that contain 2,4-D, triclopyr, and picloram 
(Dow, 1987b). The human health risk from exposure to kerosene in such 
products is estimated in the exposure and risk analyses in sections 4 and 5 
of this risk assessment. The Forest Service will continue to monitor the 
status of inert ingredients in the formulations they use and will do 
further assessments and revisions if they are recategorized. 


Toxicity of the Formulations 


With respect to the possibility of synergism in the formulated combination 
of active and inert ingredients, EPA generally requires only acute toxicity 
data on formulated products. These data also allow EPA to address concerns 
about the acute toxicity of the pesticide formilations' inert ingredients. 
A comparison of their acute LD5g's provides an indication of the toxicity 
of the formulated product (including inerts) versus the active ingredient 
alone. As shown in table 3-9, the formulations proposed for use by the 
Forest Service are less acutely toxic than their active ingredient. 
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Table 3-8 


Toxicity of identified inert ingredients of Region 8 


chemical formulations 





Inert Ingredients 


Toxicity 





Aliphatic alcohol 


Aryl sulfonate (detergent ) 


Aryl sulfonate polymer 


Blend of amine alkylbenzene 
sulfonates (containing 
petroleum distillates and 
n-butanol ) 

Chelating agent 

Clay carrier 

Inorganic salt (buffer) 

Kerosene 

Nonionic surfactant 


Organic ether polymer 


Polyethoxyethylene ester 


Polyethoxyethylene ether 


Polyethoxylated tallow 
amine 


Polyglycol 


Water 
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List 4 inert; very slightly toxic; eye 
irritant 


List 3 inert; slightly to very slightly 
LOke Crt Gr Ltant 


fist Sinert: very sitently toxic; slight 
irritant 


List 3 inerts; no specific toxicity data 
available 


BiStmominents Sli gnta rower Ly, eslignt irritant 
List 4 inert; generally recognized as safe 
list 4 inert: eslichelystoxics irritant 

List 2 inert; LDsg >28,000 mg/kg 

LDs59 = 8.2 ml/kg; list category not given 
List 3 inert; very slightly toxic 

List 3 inert; no toxicity data available, but 
only very slight toxicity expected due to its 
chemical nature 

bist 38inerts*slightiy toxic; slight irritant 
List 3 inert; oral LD5g = 1,200 mg/kg/day 
dermal. LDs59 >1,260 mg/kg; negative for 
irritation and sensitization in humans for 
30-percent solution 


Piste lieti = soaeuuly stoxic;s silignt irritant 


List 4 inert; generally recognized as sale 





Source: Dow Chemical Company, Monsanto Company, DuPont Chemical Company, 
American Cyanamid Company, Pro-Serve, Inc. 
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Herbicide 


Table 3-9 


Technical grade and formulation 
acute oral LDsog values for rats 


Technical Grade 


Acute Oral LDsqg Values 


for Rats 


Formulation Acute 
Oral LD5 3 Values 
Forskats 





Dey 


2,4-DP 


Fosamine 


Glyphosate 


Hexazinone 


Imazapyr 


Limonene 


Picloram 


Sulfometuron 
methyl 


375 mg/kg (2,4-D acid) 


(EPA, 1986L) 


532 mg/kg (EPA, 1984a) 


NA? 


4,320 mg/kg (EPA, 1986c) 


1,690 mg/kg (EPA, 19864) 


>5,000 mg/kg (EPA, 1985b) 


NA 


8,200 mg/kg (EPA, 1984c) 


>5,000 mg/kg (DuPont, 
1983b) 


Esteron 99 (Butoxyethyl Ester)-- 
25,000 mg/kg, males tested; 
21,000 mg/kg, females tested 
(Vertac, 1982) 

Weedar 64 (Dimethylamine salt)-- 
1615 + 170 mg/kg males tested 
(Vertac, 1977) 


Weedone-- 2,200 + 350 mg/kg 
(EPA, 1984a) 


Krenite-- 24,400 mg/kg (USDA, 
1984) 
Krenite-- >5,000 mg/kg (USDA, 
1984) 


Roundup-- 4,900 to 5,400 mg/kg 
(USDA, 1984) 

Rodeo-- >5,000 mg/kg (Monsanto, 
1983) 


Velpar L-- 6,887 mg/kg (DuPont, 
1985) 

Pronone 5G-- >5,000 mg/kg 
(DuPont, 1984b) 

Pronone 10G-- >5,000 mg/kg 
(DuPont, 1984b) 


NA 


Cide-Kick-- >5,000 mg/kg (HSDB, 
1987b) 


Tordon 22K>-- 8,440 mg/kg 
(Mullison, 1985) 


Oust-- >5,000 mg/kg (DuPont, 
1983b) 











Table 3-9 (continued) 


Technical grade and formulation 
acute oral LD59 values for rats 


Technical Grade 


Formulation Acute 
Acute Oral LD5g9 Values 


Oral LD59 Values 





Herbicide for Rats for Rats 

Triclopyr 630 mg/kg, females tested; Garlon 3A-- 2,140 mg/kg, females 
729 mg/kg, males tested tested; 2,830 mg/kg, males tested 
(USDA, 1984) (Dow, 1986a) 


Garlon 4-— 2,140 mg/kg, females 


tested; 2,460 mg/kg, males tested 
(Dow, 1986a) 


8Not available. 


brordon 22K will not be used in Region 8, but was included for comparison. 


so Sh ns 
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Section 4 
HUMAN EXPOSURE ANALYSIS 


This chapter presents the background, methods, and some results of the 
herbicide exposure analysis. The first section contains basic background 
information used in defining the exposure analysis methods. Some 
terminology relating to herbicide use and potential human exposure is 
discussed. Subsequent sections contain descriptions of herbicide usage in 
vegetation management operations and the potential routes of human exposure 
in those operations. The methods used to estimate herbicide doses to 
workers and members of the public also are discussed. Lifetime dose 
estimates are also presented as preliminary steps in the estimation of 
lifetime cancer risks. The exposures have been calculated for typical and 
maximum exposure situations. Representative doses calculated in the 
exposure analysis will be presented in section 5 in conjunction with the 
margins of safety. 


BACKGROUND 


This section defines some of the terms used in the discussion of exposure 
analysis methods and results. Potential routes of human exposure are also 
explained. 


Herbicide Characteristics 


Most herbicides used in the Southern Region are formulated and sold by the 
manufacturer as solutions or granules. Herbicides sold in liquid form are 
sold as concentrates with a specified number of pounds of active 
ingredient, usually between 1 and 4, per gallon of concentrate, and with 
inert ingredients forming the remaining portion. Herbicide concentrates 
are normally stored and transported in 5-gal (or smaller) containers. 
Granular material is transported and stored in 50- to 100-1b bags. 


Before liquid herbicides are applied, they are mixed with a carrier, 
usually water, according to the manufacturer's label instructions for the 
particular treatment purpose and the desired application rate, which may be 
at or below the labeled use rate. For ground broadcast operations, the 
concentrate is typically mixed with up to 25 gal of water for every acre to 
be treated. Aerial applications require less water, typically 10 to 15 
gal/ac. Limonene and/or light fuel oil (usually diesel fuel) may be added 
to the mixture in either aerial or ground broadcast applications. Soil 
spot applications are usually done with a 1:2 or 1:3 water dilution. Cut 
surface-applications are normally done with formulations that are undiluted 
or diluted 1:2 or 1:3. Basal bark/stem applications may be done with 1 to 
2 gal/ac of diesel fuel used as a carrier; or limonene may also be used as 
an adjuvant. 


Herbicide spray application equipment is designed to treat the target 


plants or soil with a minimum of off-target movement of airborne spray 
droplets, called drift. Spray nozzles used in the Region are designed to 
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produce large droplets because smaller droplets tend to remain airborne and 
may drift with air currents away from the target vegetation. Despite the 
effectiveness of the spray application equipment used, some small fraction 
of the droplets may break up into smaller droplets that the wind could blow 
offsite. 


Hand application equipment used for soil spot, streamline, basal bark/stem, 
and hack and squirt techniques do not produce spray but rather a directed 
stream of formulation. Thus, these techniques do not produce herbicide 
drift. The potential for drift of granular formulations also is 
negligible, although some dust may be encountered during handling and 
application. 


Exposure and Dose 


Two primary conditions are necessary for a human to receive a dose of 
herbicide that may result in a toxic effect. First, the herbicide must be 
present in the person's immediate environment so that it is available for 
intake. It must be in the air the person breathes, or on the person's 
skin, or in the person's food or water. The amount of herbicide present in 
the person's immediate environment is the exposure level. 


Second, the herbicide must move into the person's body. If it is in the 

air, it must be inhaled into the air passages and lungs. If it is on the 
clothing or skin, it must penetrate the skin. If it is in food or water, 
it must be ingested. The amount that moves into the body by any of these 
routes constitutes the dose. 


Thus, although two people may be subjected to the same level of exposure, 
one may get a much lower dose than the other by wearing protective 
clothing, using a respirator, or washing immediately after spraying. 
Exposure, then, is the amount of pesticide available to be taken in; dose 
is the amount that actually enters the body. 


EXPOSURE ANALYSIS METHODS 


This section describes how herbicide doses were calculated for members of 
the public and workers. The data, assumptions, and methods of calculation 
are presented, and some of the factors affecting the magnitude of the doses 
are discussed. A set of example exposure situations is chosen as a basis 
for the risk calculations presented in section 5. 


Exposure Scenarios 


Region 8 vegetation management personnel were consulted to obtain realistic 
estimates of several important factors relating to herbicide application 
practices. The acreage of National Forest land that is treated with 
herbicides for various purposes are shown in table 4-1. Most of the 
herbicides have been used for a variety of purposes. Tebuthiuron was used 
only for right-of-way applications. The use of tebuthiuron on 
rights-of-way is expected to continue in the future, but no other uses of 
tebuthiuron are anticipated. 
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The potential for exposure to the herbicides depends primarily on the 
manner and place of application; the purpose of the application has only an 
indirect influence. Consequently, most of the data needed for the exposure 
analysis were collected according to the application method. These data 
and the subsequent exposure calculations are intended to represent two 
basic cases: typical and maximum. The maximum case shows the highest 
exposures anticipated under realistic application conditions. 


The typical and maximum number of acres expected to be treated annually 
with each herbicide are shown in table 4-2 for each application method. 
The annual number of acres treated shows the relative importance of the 
application methods, but it is desirable to calculate exposures on a 
per-day basis. Doses calculated per day are consistent with standard 
toxicity reference levels, such as the NOEL, which are usually expressed in 
per-day units. The typical and maximum number of acres expected to be 
treated at a time are shown in table 4-3. The typical and maximum number 
of hours per day expected to be worked on each type of application are 
shown in table 4-4. The maximum number of hours is in Some cases greater 
than 8, ranging as high as 11s 


It should be noted that the time period specified refers to total project 
time, not time of mixing, loading, or application. The use of total 
project time is consistent with times commonly given in worker exposure 
studies, for example, Lavy et al. (1982). 


Consideration of daily exposure is adequate for evaluation of the risk of 
threshold effects, but cumulative exposures must be considered in order to 
evaluate the risk of cancer. The typical and maximum number of potential 
exposure days per year have been estimated for a single worker, and they 
are presented in table 4-5. 


The rate of application, in terms of pounds of active ingredient per acre, 
is expected to have a direct relationship with most of the potential types 
of exposure. The typical and maximum anticipated application rates (lb/ac 
a.ei.) are shown in table 4-6 for each herbicide. Smaller amounts are used 
if they are found to be effective, for purposes of economy and safety. The 
Forest Service usually uses less than the maximum allowable rate specified 
by the EPA registration. (Application rates are presented in units of 
lb/acre for comparison with registration and label information, but all 
exposure calculations will be presented in metric units.) 


The potential routes of human exposure considered in this risk assessment 
are outlined in table 4-7 and are described below. These routes of 
exposure are considered in estimating doses to the public and workers that 
might occur during routine operations or in the event of an accident. 

The greatest doses to humans during routine herbicide applications are to 
workers who may be exposed while (1) mixing and loading herbicide into 
application equipment, (2) applying herbicide to vegetation using 
ground-based equipment, or (3) supervising or monitoring aerial or 
ground-based herbicide applications. Workers may be dermally exposed to an 
herbicide if the herbicide concentrate, mixture, or drifting spray dropveee 
contact the skin or if the herbicide is brushed off sprayed vegetation. 
Inhalation exposure may result from breathing without protective devices in 
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Table 4-7 


Routes of exposure considered in this risk assessment 


a a a I A ek aS SS rc a 


Category 


Doses from Direct Exposure 


Doses from Indirect Exposure 


LL 


Routine 


Workers 


General Public 


Accidental 


Spraying 


Spills 


Dermal plus inhalation dose 
(based on field studies) 


Dermal dose? from drift 
(based on modeling) 


Dermal dose? to member of 
public directly sprayed 


Worker dermal dose from 
spill of concentrate 
on skin 


Dermal dose from reentry to 
treated area based on field 
data 


Dermal dose from reentry to 
treated area based on field 
data. Oral dose from 
consuming food and water 
with residues due to drift 
or inflow into stream or 
aquifer. 


Oral dose to member of 
public who eats directly 
sprayed food items 


Oral dose to member of 
public from drinking water 
contaminated by an herbi- 
cide spill 


4Inhalation is negligible based on field study data. 


the area of the drifting spray droplets or where there are vapors from a 
However, a variety of studies have shown that 


volatile herbicide. 
inhalation exposure is very small compared with dermal exposure. 


ibe (eke 


analysis, inhalation doses have not been estimated separately for workers. 
They are included with dermal doses in the estimated total worker doses 
based on herbicide levels in the urine of workers in field experiments. 


The single most important source of exposure to persons who do not handle 
the herbicide containers or spray equipment in routine operations is from 


the drift off target of airborne herbicide spray droplets. 


Members of the 


general public who are within the area of drift of the smaller spray 
droplets may, like workers, receive dermal and inhalation exposure. 
However, these exposures are relatively low compared to the exposures of 


workers directly involved in the spraying operations. 


nS 


Field studies of 


workers have consistently shown that inhalation exposure represents only a 
small part of the total exposure, so doses to the general public in this 
analysis have been calculated only for dermal and dietary routes (for 
example, Draper and Street, 1982; Libich et al., 1984). 


Herbicide may be ingested from food containing herbicide residues. Food 
items such as garden vegetables, wild berries, or game animals may have 
received some level of herbicide from spray drift. Game animals may have 
fed on plants from the treated or drift area. Ingestion exposure could 
also result from drinking water that has received herbicide drift or from 
eating fish from a body of water that has received herbicide drift or 
inflow. 


For routine operations, doses to workers can be significantly reduced 
through the use of protective clothing and equipment and adherence to 
proper cleanup procedures and label precautions. The amount and extent of 
drift from a spray site can be reduced by spraying under favorable weather 
conditions and using spray equipment that limits the number of smaller 
droplets. 


In the event of an accident, workers and members of the public may be 
exposed to much greater amounts of herbicide than they would under normal 
circumstances. Workers who spill the concentrate or some of the prepared 
spray mixture on their skin during mixing, loading, or spraying operations 
or who are doused when a transfer hose breaks would be dermally exposed, as 
would workers or members of the public who are accidentally sprayed with 
herbicide because they are beneath a spray aircraft or are too close to a 
truck or backpack applicator. 


The dermal dose would depend on the concentration of herbicide in the spray 
mix, absorption potential of the herbicide, the area of the sprayed 
person's exposed skin, the extent to which the person's clothing absorbed 
herbicide (some clothing is water repellent, but other material would 
permit penetration of the herbicide to the skin), and the time that elapses 
before the person can wash. Indirect dermal (reentry) exposure may occur 
if workers or members of the public brush up against wet vegetation in the 
Sprayed area. 


Members of the public may accidentally be exposed to the herbicide by 
eating food that has been directly sprayed. For example, someone could eat 
berries that have been directly sprayed, or they may eat meat from deer 
that have recently foraged on a sprayed site. Exposure to an herbicide is 
possible if a container of herbicide concentrate were to break open and 
spill into a drinking water supply, or if an aircraft were to jettison a 
load of herbicide into water in an emergency. 


To make reasonable estimates of the possible herbicide doses to workers and 
the public, a number of exposure scenarios are used that represent an array 
of possible exposure situations. The exposure scenarios were designed to 
provide a range of human dose estimates, from typical to maximum, for 
normal operating conditions. Accident scenarios--direct application, 
spills on the skin, and large spills into bodies of water--are used to 
estimate the highest doses that could ever be reasonably expected to 
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occur. All but the lowest doses from all vegetation management projects 


conducted in Region 8 should fall within the range of doses predicted in 
these scenarios. 


The scenarios specify those characteristics of each kind of herbicide 
application operation that determine human doses. For example, for workers 
involved in backpack operations, the number of work hours and the herbicide 
application rate are used to determine their doses. For aerial 
applications, the number and size of the sites treated in a day's operation 
and the herbicide application rate are used to determine doses to workers. 
To calculate doses to nearby residents who may eat a garden vegetable 
containing herbicide residue, it was necessary to estimate how much residue 
was on the vegetable and to specify how much of the vegetable was eaten. 


The exposure scenarios are not intended to show what necessarily will 
happen as a result of a given treatment operation, but what could happen if 
all of the conditions specified in the scenario were met in the actual 
operations. For example, maximum worker doses are based on actual dose 
levels found in field exposure studies in which no protective clothing or 
equipment was worn. If workers wear protective clothing and equipment as 
required during actual operations, their doses would be significantly lower 
than those estimated here. However, despite all precautions, workers 
present during treatment operations will be directly and indirectly exposed 
to some herbicide. 


Additional factors must be recognized when evaluating the likelihood of a 
member of the public receiving an herbicide dose. A forest user would 
receive a dose only in the immediate vicinity of the treatment area and 
only at the time of the herbicide application. However, because of the 
limited area of forest being treated and the public's use pattern, the 
possibility of this occurrence is slight. Likewise, a nearby resident 
would receive a dose as high as the one estimated in this analysis from 
eating garden vegetables with herbicide residue only if all of the 
following conditions were met: 


(1) The resident's garden was close enough to a particular treatment area 
to receive some level of herbicide drift. 


(2) The weather conditions on the day of treatment were such that the 
herbicide happened to drift offsite in the direction of the garden. 


(3) The resident ate the vegetable immediately after the herbicide residue 
landed on it. 


A combination of factors makes the possibility of the resident receiving 
such a dose highly unlikely. First, most treatment areas are located 
considerably further from any residence than the distance assumed in this 
analysis--30 to 150 m (100 to 500 feet). Second, mitigation measures 
described in section 2 reduce the likelihood of drift onto a garden, even 
if one happened to be nearby. Third, there is only a small possibility 
that the resident would immediately pick and eat a garden vegetable 
(without washing it) that had herbicide residue from that operation. 
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The types of representative exposures to be calculated using the methods 
outlined in succeeding paragraphs are listed in table 4-8. Doses were 
calculated for typical and maximum cases for each type of exposure listed 
for the public and workers, but only one dose was calculated for each type 
of accident. Margins of safety will be presented in section 5 for each of 
these exposures. The following paragraphs examine alternative assumptions 


for some types of exposure, but only one representative set of assumptions 
are used in subsequent calculations. 


Table 4-8 


Representative exposures 


Public 
Dermal 
Drift 
Onsite-hiking, berry picking, hunting, birding, photographic trips, etc. 
Dietary 
Water 
Fish 
Meat 


Vegetable (for example, legumes or salad plants) 
Berries 


Workers 
Aerial 
Pilot 
Mixer/loader 
Observer 
Mechanical Ground 
Applicator 
Mixer/loader 
Applicator/mixer/loader 
Manual Ground 
Backpack 
Soil spot 
Basal stem 
Cut surface 


Accidents 
Spill onto worker 
Accidental spray 
Spill into water 
Ground--5 gallons of concentrate into a pond 
Air--100 gallons of spray mix’into reservoir 
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Public Exposure and Dose Estimation 


Field studies of actual herbicide doses to the public under application 
conditions typical of those in Region 8 are not available. Consequently, 
it was necessary to estimate public doses by modeling the transport and 
fate of the applied herbicides. Field studies conducted under the most 
nearly equivalent conditions were used whenever possible as a basis and a 
check for the models. 


Spray Drift 


The potential for herbicide sprays to drift onto adjacent lands or into 
nearby bodies of water was assessed based entirely on the results of 
empirical studies reported in the scientific literature. The analysis 
considered deposition on surfaces, including exposed skin, was well as 
water, game animals, and various classes of plants that may contribute 
directly or indirectly to the human diet. 


Specific field studies were chosen to represent equipment and conditions 
that most nearly represent those expected for aerial and ground broadcast 
spray applications. The Forest Service intends to use spray equipment that 
produces uniformly large droplets with very few fine droplets. Fine 
droplets (less than approximately 100 microns) are normally responsible for 
offsite drift. Low-drift nozzles that may be used for aerial applications 
include the TVB, Microfoil, and Raindrop nozzles. Ground-based mechanical 
Spray systems typically use Raindrop or similar nozzles that produce large 
droplets. Wind-tunnel simulations (Yates, Cowden, and Akesson, 1985) have 
demonstrated the large droplet sizes produced by Raindrop nozzles. For 
example, the median droplet diameter (by volume) from an RD-10 Raindrop 
nozzle ranged from 1170 to 1460 microns, when it was aimed with the air 
stream. For the RD-/ Raindrop nozzle, the median diameter ranged from 960 
to 1080 microns. Less than 1 percent of the spray volume was in droplets 
less than 154 microns for both nozzles. Field measurements of spray drift 
have also demonstrated the low drift potential of Raindrop, TVB, and 
Microfoil spray systems (Yates et al. 1978; Fears and McMaster, undated). 


Drift of sprays applied by aircraft has been estimated for this risk 
assessment based on data presented by Yates et al. (1978) of the University 
of California at Davis. Mylar fallout sheets were used to measure 
glyphosate spray deposition at various points downwind of a Bell 47G-5 
helicopter using a Microfoil boom. The test was performed in an open field 
under stable atmospheric conditions with winds averaging 2.6 mph. Drift of 
sprays applied by ground equipment was estimated based on a field test 
reported in Yates et al. (1978). In this test, glyphosate was applied when 
winds were 8.5 mph by a ground sprayer with an 8003 fan nozzle. This spray 
system is expected to cause greater drift than spray systems typically 
employed in Region 8. 


To facilitate use of the data from the various published field tests 
discussed above, a computer program was written to show how residues 
accumulate from multiple swaths (the long, narrow pattern of herbicide laid 
down by a broadcast sprayer such as a helicopter) and to correct for 
various application rates and swath widths. The program was then run to 
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calculate deposition at selected representative distances for a nominal 
application rate of 1.12 kg/ha (1 lb/ac). The results are shown in figure 
4-1 for the aerial spray system. The deposition at 25 m is 0.15 g/ha, 
assuming that» 1.12 kg/ha is applied to a 16.2-ha  (40-ac) spray block.) ) ihe 
deposition declines rapidly with distance. At 100 m, the deposition is 
only 0.006 g/ha. The results for a ground-based spray system are shown in 
figure 4-2. Again assuming a 16.2-ha spray block, the deposition is about 
349 g/ha-at 20m, «and dtudedidnesito 168 wifha ett 6228 meee ise acem ia] 
used to estimate representative exposures downwind of a!l silvicultural 
projects because most broadcast applications are expected to be done with 
ground-based equipment, and this case is based on data that deliberately 
represent relatively high-drift (but still realistic) conditions. 
Exposures calculated based on aerial application with low-drift nozzles 
would not be greater than those calculated. here for a ground-based spray 
system. 


Downwind drift of spray from right-of-way applications is expected to be 
less than from silvicultural applications because the area to be sprayed is 
relatively narrow. To demonstrate this effect, spray drift calculations 
were again done based on the Microfoil test by Yates et al. (1978): This 
test can be used to estimate drift downwind of right-of-way applications 
because measurements were taken downwind of a sing'e spray swath- The 
right-of-way has been assumed to be 20 m wide. The results are shown in 
figures4—-3 for an-application ratesof 1-l2ekg/ha assuming that (the wwindaas 
perpendicular to the right-of-way. The calculations show that the drift 
downwind from a right~of-way application is less than from a larger spray 
block, but the difference decreases somewhat with distance. At 20 m, the 
deposition downwind of a right-of-way is about 60 percent as great as 
downwind of a 40-ac spray block; and at 75m; it is about 71 percent. 


Similar calculations based on the ground sprayer test demonstrated that 
right-of-way applications will have significantly less drift compared with 
silvicultural applications. At 20 m downwind of a right-of-way 
application, the deposition is expected to be 16 percent as great as 
downwind\of aelo.Zeha blocks, Ate75em, theyratios7s) Sil speccent- 


During calculation of representative exposures, a 16.2-ha spray block 
(figures 4-1 and 4-2) was assumed for all herbicides that are expected to 
be used for silvicultural applications, even though they may be used for 
rights-of-way also. If an herbicide is used only for rights-of-way, then 
the drift estimates were corrected using the ratios discussed in the 
preceding paragraph. 


Residues on Plants 


Herbicide residues on plants on treated sites were estimated based on 
factors reported by Hoerger and Kenaga (1972). These factors were derived 
from a large number of studies, and they allow prediction of residues in 
parts per million (ppm) based on the application rate in pounds per acre. 
These residue estimates were calculated assuming no herbicide degradation, 
so they apply to conditions immediately after application. Following 
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Figure 4-3--Spray deposition downwind of a right-of-way-- 
aerial application, at <«l2uke/fia witnea_ microtollspoom 


Hoerger and Kenaga (1972), the plants were classified into broad groups 
based on vegetative yield, surface-to-mass ratio, and plant interception 
factors. The residues estimated for each type of plant are intended to 
represent realistic yet relatively high estimates. 


Offsite plant residues were calculated first for grasses based on the spray 
drift data discussed in the previous section and by using a regression 
equation given in Yates et al. (1978) to relate spray deposition on young 
wheat plants to that on sampling devices- The deposition was then 
estimated for other plant groups, including berries and leafy vegetables, 
by using the same relative factors given by Hoerger and Kenaga (1972), 
assuming that deposition on young wheat was approximately the same as 
deposition on range grass. 


Herbicide doses to individuals were calculated assuming that they eat 
400 g (9.9 1b) of contaminated berries or legumes (peas or beans). 


The typical minimum distance to residences and vegetable gardens was 
assumed to be 6] m for both aerial and ground spray applications, basc/4 on 
historical experience. The absolute minimum distance was assumed to be 
30.5 m. The typical distance for berries was assumed to be 20 m, but 
maximum residues were calculated assuming that they were directly sprayed. 


Residues in Water Resulting From Spray Drift 


Residues in drinking water were calculated assuming that the water is 
0.305 m deep and that the herbicide spray drifts directly downwind to the 
water body over a specified buffer distance. The typical buffer distance 
was assumed to be 20 m, and the minimum distance was assumed to be 10 m. 
The actual residues in water would be less under more favorable spray 
conditions, at greater distances, or with larger water hodies. Dilution or 
degradation would decrease residues. Herbicide doses to individuals were 
calculated assuming that they drink 1 liter of the maximally contaminated 
water. Fish were assumed to come from water 0.61 m deep. Many water 
bodies, especially ponds and lakes, are deeper than those considered here, 
but these deeper water bodies would have proportionately lower 
concentrations. 


Residues in Game Animals 


Residues were calculated for one representative game animal: a 60-kg 

deer. The entire body surface area of the animal was assumed to be exposed 
to spray drift. This is likely to overestimate exposure because only a 
portion of the body surface is exposed to drift at any one time. Forty 
percent of the body surface was assumed to come into contact with 
vegetation and thereby gain an additional average dermal residue level 
equal to that on the vegetation. Penetration of the herbicides through 
animal skin was assumed to be the same as through human skin. This 
assumption also may overestimate doses, for example, by ignoring the 
protective effect of fur. 


The deer were assumed to get an oral dose both by grooming and in their 
diet. The dose from grooming was assumed to amount to 29 percent of the 
nonabsorbed dermal dose. The deer diet was assumed to consist of 2.45 kg 
of forage plants and 4 liters of water per day, both containing herbicide. 


The concentration of herbicide in game meat was calculated by summing the 
animal's doses from both the dermal and oral routes of exposure and by 
assuming that 10 percent of that total dose was retained in the meat of the 
animal. This is similar to the method used in the exposure analysis of 
USDA (1984). This degree of retention assumes that the deer is killed soon 
after exposure because none of the herbicides are known to accumulate in 
meat. Herbicide doses to humans were calculated by assuming that they eat 
400 g of deer meat in 1 day. 


Residues in Fish 


Residues in fish were calculated assuming that the fish lived in and were 
caught from waters 0.61 m deep, directly downwind of a treated site, with a 
typical buffer distance of 20 m and a minimum buffer distance of 10 m. for 
most of the herbicides considered in this analysis, which do not appreciably 
bioaccumulate, the concentrations in fish were taken to be equal to the 
particular herbicide's concentrations in water. For one herbicide for which 
bioconcentration is likely to be greater--tebuthiuron-~-a bioconcentration 
factor of 10 was used. Doses to humans from eating fish containing 
herbicide were calculated assuming that 400 g are eaten in 1 day. 
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Dermal Exposure of Forest Users 


Dermal exposure resulting from drift was estimated by assuming that 0.186 
m2 of skin were exposed and the level of deposition on skin is the same 

as that found on the sampling sheets used in the drift monitoring studies. 
Drift distances were assumed to be the same as discussed previously for 
residences. The dose was calculated as the deposited amount times the 
dermal penetration rate. 


Dermal absorption values have been reported for some of the herbicides 
evaluated in this risk assessment, ranging from 0.1 percent for 2,4-DP to 
6.9 percent for dicamba (based on Makary et al., 1986). The dermal 
absorption of 2,4-D is about 6 percent (Feldman and Maibach, 1974), and the 
absorption of picloram has been reported to be 0.18 percent (Nolan et al. 
1983, as cited in Mullison, 1985). Dermal absorption estimates were not 
available for the other herbicides or adjuvants considered in this risk 
assessment. However, dermal absorption values for several other herbicides 
were all reported to be less than 10 percent (Grissom et ale, 1985; Wester 
and Maibach, 1985; Yi-lan et al., 1984; and others). Therefore, 10 percent 
dermal penetration was used as a conservative estimate for the herbicides 
on which no dermal values were available. The dermal penetration of light 
fuel oil is also unknown, but it has been conservatively estimated to be 25 
percent. Several factors may affect the dermal absorption of herbicides, 
such as the dosage applied, the solubility of the chemical, the variation 
between species, and external conditions (temperature and humidity) (Yi-lan 
et al., 1984). However, the most important factors by which the amount 
absorbed can be decreased are the use of protective clothing and washing 
after skin contamination (Yi-lan et al., 1984° Wester and Maibach, 1985). 
The longer the pesticide remains on the skin, the greater the percent 
absorbed. For example, the rate of absorption of dicamba is estimated as 
0.29 percent per hour (Makary et al., 1986). Because this rate of 
absorption is considered low, washing would effectively lessen exposure 
time and therefore decrease the amount of the dose absorbed. With these 
protective measures in mind, percent dermal absorption would be expected to 
be less in all cases than that estimated in this risk assessment. 


Dermal doses from incidental contact with foliage, represented by 
vegetation contact for the hiker, were estimated based on a field study. 
Lavy et al. (1980) measured the level of a phenoxy herbicide on cloth patch 
samplers attached to a person who walked through a treated forest area. 

The residues were less than the detection limit of 0.01 mg/100 cm2 patch, 
but in this analysis a conservative assumption was made that the residues 
were at the detection limit. The area of clothing contacting foliage was 
assumed to be 40 percent of the total human surface area, and 10 percent of 
the total area was assumed to be bare skin contacting foliage. The same 
dermal penetration rates discussed previously were applied to bare skin, 
but the penetration through clothing was assumed to be 30 percent over a 
6-hour period, based on work by Newton and Norris (1981). 


The Potential for Herbicides To Contaminate Ground Water 
For ground-water contamination by herbicides to be a problem, the 


herbicides must be carried, by percolating water, into an aquifer. They 
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must appear in the aquifer at concentrations sufficient to cause a 
potential health hazard, and the water must be used for human consumption. 
Another possible type of problem can arise if phytotoxic concentrations 
occur in the aquifer and the water is used for irrigation. 


Movement of herbicide to and through an aquifer can be broken into several 
stages: 


(1) Movement into the soil. 

(2) Movement through the rooting zone. 

(3) Movement from the rooting zone into the aquifer. 

(4) Movement within the aquifer to a point of water use. 
Movement into the Soil 


The amount of herbicide moving into soil from the soil surface or through 
plants depends on a variety of factors, including the amount applied, 
method of application, soil characteristics, climate, hydrology, and 
properties of the herbicide. The amount applied in forestry is typically 
in the range of 0.2 to 9 kg/ha, but only 1 to 3 times in the life of a 
stand (25 to 100 years for pines; 60 to 200 years for hardwoods). Relevant 
properties of the herbicide at this stage include its tendency to 
volatilize or degrade, for example, by photolysis, microbial activity, or 
hydrolysis. Most forestry-use herbicides are applied internally or to 
plant surfaces, so their interaction with the plant is important. Because 
herbicides are intended to kill plants, they generally have the ability to 
penetrate plant surfaces. Some of the penetrating herbicides remain in the 
plant tissues close to the site of application, while others, such as 
2,4-D, can be freely translocated within the plants. If translocation is 
into the roots, some can be a source of herbicide movement into the soil; 
others, like glyphosate, adsorb to soil and do not move beyond the 
immediate zone of root contact. Release from roots can occur either 
through exudation by living root tissue, or during decomposition of the 
root tissue after plant death. Other herbicides, such as hexazinone, are 
soil-active so that they can be applied in a manner that promotes their 
penetration into the soil, where they contact plant roots. Once within the 
plant, the herbicide may or may not be degraded by plant metabolism. The 
metabolism of herbicides by plants, as well as other environmental fate 
characteristics, have been summarized in USDA Handbook No. 633 (1984). 
Interaction of the herbicides with plants will not be described in detail 
here, except to point out that a significant fraction of the applied 
herbicide in many cases never enters the soil. At the other extreme, 
essentially all of the herbicide can contact the soil if it is 
soil-applied, or if a rainstorm occurs soon after application. This 
extreme assumption of 100 percent soil contact is used in leaching 
calculations presented below. Early formulations of 2,4-D were relatively 
volatile, with 50 percent sometimes lost to the atmosphere. However, 
formulations in current use are amines or esters, which are designed to 
reduce volatility. 


4-25 


Movement Through the Rooting Zone 


The second stage of movement is through the rooting zone of plants. This 
may be the most complicated stage of movement because the herbicide 
interacts with all soil components (minerals, organic matter, 
microorganisms) as well as with plants. Important surface hydrologic 
factors that influence herbicide movement include rainfall, interception, 
percolation, runoff, and evapotranspiration. Net movement through soil 
depends on the relative rates and routes of water seepage, adsorption, 
degradation, and dilution. EPA (Carsel et al., 1984) has sponsored the 
development of a Pesticide Root Zone Model (PRZM) intended to simulate 
these factors in an integrated manner. The PRZM model is data- and 
computer-time-intensive, so the Leaching Evaluation of Agricultural 
Chemicals (LEACH) methodology (Dean et al., 1984) was developed to allow 
identification of leaching-frequency curves based on degradation rate, 
adsorption (expressed as a simple partition coefficient), climatic factors, 
and soil characteristics. Each leaching-frequency curve is based on a 
25-year simulation using PRZM with local rainfall records and typical crop 
characteristics. The areas considered by the LEACH handbook include major 
agricultural areas of the United States, which coincide partially with 
major areas of forest herbicide use. However, the crops considered by the 
handbook are restricted to row crops and grains. The LEACH methodology is 
still useful for illustrating the generally low potential for forestry 
herbicides to leach below the rooting zone. 


Soil textural class--sand, silt, clay, and various combinations-——influences 
the potential for leaching in several ways. Sand contains relatively large 
particles and therefore has less surface area than the same volume of clay, 
and silt is intermediate. Therefore, adsorption is typically greater to 
clay than to sand. The fraction of pore space and hydraulic conductivity 
are typically greater for sand than clay. 


The LEACH methodology was applied to herbicides that represent a range of 
mobility and persistence, assuming average characteristics for a sandy loam 
soil, which has a moderately high leaching potential. A corn-growing area 
of the southeastern coastal plain, "site no. 13," was used to provide an 
example with moderately high rainfall (127 to 152 cm annually) and a 
rooting depth of 90 cm. SCS runoff curve number 77 was assumed, indicating 
moderately high runoff potential. 


The results of the LEACH analysis are presented in table 4-9 as the 
fraction expected to leach below the rooting zone 10 percent of the time. 
Ninety percent of the time, the fraction leaching would be less than that 
shown in the table. The fraction leaching for chemicals with low to 
moderate leaching potential, such as sulfometuron methyl, is essentially 
zeroe Even those chemicals with a relatively high leaching potential have 
only a small probability of leaching beyond the root zone. For example, 
the fraction of hexazinone expected to leach beyond the root zone 10 
percent of the time is no more than 5 percent. Among the most mobile of 
the herbicides are dicamba and tebuthiuron, for which the fraction leaching 
beyond the rooting zone 10 percent of the time is 12 and 9.5 percent of the 
applied amount, respectively. The LEACH methodology predicts that under 
these conditions most herbicides will not leach significantly below the 
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Table 4-9 


Leaching potential of selected herbicides in sandy loam 
or similar soil type 





Herbicide 


2,4-D 

2 4=DP 
Dicamba 
Fosamine 
Glyphosate 
Hexazinone 
Imazapyr 


Light fuel oil 


Picloram 


Sulfometuron methyl 


Tebuthiuron 
Triclopyr 


Adsorption 


ate a 
Coefficient 


(Ky) 


0.49¢ 
0.49f 
0.11h 
20.003 
16.50! 
0.200 
0.280 


Retardation Half-life® Fraction 
Factor (R) (days) Leaching 
4.5 <28d Nse 
4.5 108 NS 
Wats} 252 12:0) 
145.0 <10k NS 
119.8 610 NS 

2 <30k 5.0 
S70 27P 4.7 
7.0 64 NS 
bys) 63° PAD 
6.1 1o0t NS 
Greys 392V 9.5 
blake 46 NS 


4Kq was determined for sandy loams in most cases; when values were not 
available for sandy loam, silty clay values were used. Half-life was 
determined for actual degradation in some cases, but many of the values 
were estimated based on field dissipation. See individual references 


for details. 


bestimated from Leaching Evaluation of Agricultural Chemicals (LEACH) 
Handbook prepared for EPA by Dean et al., 1984. Fraction (of the applied 
chemical) leaching is for 10 percent of the time, i-e., 90 percent of the 
time the fraction would be less than that indicated. Fractions could not 
be calculated for chemicals where a Kg or half-life was not available. 
CAverage value for 7 soils, D-18. 
dStewart and Gaul, 1977. 
ENS = not significant. 
fUsed 2,4-D value, no information on 2,4-DP. 
SAliton and Stritzke, 1973. 
Average from Rao and Davidson (1980) in LEACH Handbook. 
117 to 32 days in Alton and Stritzke, 1973 in USDA, 1984. 
jJSilt loam soil, DuPont, 1975 in Ghassemi et al., 1981. 
KBased on average literature values, in Neary, 1985. 
Isprankle et al., 1975. 
MAverage of 11 soils in USDA, 1984. 


NRhodes, 1980. 


Calculated based on equation 4 from Lyman in LEACH Handbook, assuming 1% OC. 

PMichael joes, 1986. 

4From draft superfund Public Health Evaluation Manual. Half-life assumed 
to be same as for surface waters, 1% OC assumed. 

Average from Nash (1980) in LEACH Handbook, calculated from Kg. 

SHarvey et al., 1985. 
tAverage from Michael and Neary, undated. 


UChang, 1965 and 
VElanco Products 
WMarks lower 10% 


Company, 


XGhassemi et al., 1981. 


Chang and Stritzke, 1977 both in USDA, 1986. 
1983 in USDA, 1986. 
of range of observed Kg's.- 


ade d 


rooting zone. The relatively mobile and persistent herbicides can be 
expected to leach partially out of the rooting zone when rainfall 
conditions are conducive, but even in these cases a substantial portion of 
the herbicide does not leave the rooting zone. 


The LEACH methodology can be used to estimate the concentration of 
herbicide at the bottom of the rooting zone as a starting point for 
estimation of the subsequent leaching from the bottom of the rooting zone 
down to the aquifer at the depth of interest. The LEACH methodology as 
applied above only considered the surface 90 cm of soil. Aquifers used as 
practical water sources are typically tens or hundreds of meters deeper. 
The herbicide will be subject to further adsorption, degradation, and 
dispersion as it travels this distance. 


Leaching Under Extreme Conditions 


A second model was used to investigate the potential for leaching into 
ground water under conditions unusually conducive to leaching. Heavy 
rainfall is assumed to occur soon after application, and 100 percent of the 
herbicide is assumed to reach the soil surface either by direct application 
or through foliar washoff. Degradation is assumed to be negligible over 
this time period, which may be 1 to 3 days after application. 


The model used for this situation is a simple one-dimensional mathematical 
formulation. It can be used as an independent check on the reasonableness 
of the conclusions based on the LEACH methodology and to determine 
herbicide concentration profiles as a starting point for the analysis of 
surface runoff. 


The leaching simulation provided graphs of total herbicide concentration 
versus depth and tables of fractions of the herbicides in each centimeter 
increment of soil. 


The leaching model requires data describing soil and hydrologic 

properties. Calculations were performed assuming a sandy loam to provide a 
basic case that was realistic but represents moderately high leaching 
potential. Several leaching calculations were also done for sand to show 
nearly maximal leaching conditions. 


The principal chemical property considered by the model is the adsorption 
coefficient. A linear adsorption isotherm is assumed, indicating that the 
concentration adsorbed to soil is a constant times the concentration in 
water. The model is intended to represent freely reversible equilibrium 
adsorption, which is a good approximation for most of the herbicides. 
However, glyphosate does not meet this condition very well. Consequently, 
for glyphosate, the model was used only to calculate concentrations at 
early time periods when adsorption predominates and desorption is 
unimportant. This presented no problem for the analysis because leaching 
of this chemical has been shown by field and laboratory studies to be 
minimal. But the leaching model still did provide an upper bound estimate 
of the distribution of the herbicide below the soil surface. 
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The leaching model is based on the one-dimensional form of the differential 
equation governing convective-dispersive solute transport (Travis, 1978): 


a, p Xe _yac_ pas 
dt aX ox? SCO 
where: 
C = the concentration of the solute in the soil solution 
S = the concentration in the soil matrix 
X = the depth into the soil 
V = the X component of the Darcy soil water flow velocity 
D = the solute dispersion coefficient 
P =the bulk density of the soil 
QO = the volumetric soil water content 
t = time 


An assumption was made of constant coefficients in the equation. The 
linear adsorption isotherm used to describe the balance between chemical in 
the soil solution and that on the soil matrix can be expressed as follows: 


S = Kc 


where Kq is the adsorption (distribution) coefficient. This allows a 
simplification of the convective-dispersive solute transport equation to: 


2 





ety FP ige8x aX 
where: 
p°K 
d 
Ds sup /f + 6 
and 





V 


; re 
fied 
+ 
fo) ee 0 | 
Various analytical solutions to this equation have been presented by Travis 
(1978). The solution corresponding to an instantaneous release of a finite 


quantity of material M (in grams per square centimeters (g/cm2)) is given 
by: 
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M (X - vot) 
C (x, t) = ——— exp - 


ard t 4D ¢ 
Oo Oo 


This equation was used to approximate the movement of the herbicides through 
soil profiles. A computer program was written to solve the transport 
equation and to integrate it over l-cm segments. The output of the program 
includes a table of herbicide content for each centimeter of soil expressed 
as a fraction of the total for each time selected. 


Leaching Profile Predictions. Typical parameters were input to the model 
for sand and sandy loam soil types. The assumed parameters were as follows: 


(1) 9 =1.5 g/cm? for sand, and 1.49 g/cm? for sandy loam (based on 
information in Brady (1974) and Carsel et al. (1984)). 


(2) © = 0.437 cm3/cm3 (water volume/total soil volume) for sand, and 
0.453 cm3/cm3 for sandy loam (saturation was assumed) (based on 
information in’ Carsel) et al. (1984)). 


(3) D = 15 cm2/hr for sand, and 8 em2/hr for sandy loam. 


The dispersion coefficient is higher in the sand than in the sandy loan, 
and the sand has more pore space. 


Several leaching profiles are presented here for two example herbicides, 
glyphosate and 2,4-D, to show the effect of varying adsorption, water 
percolation, and soil type. A single leaching profile will be presented 
for each of the other herbicides under a standard set of conditions. 


For glyphosate, a wide range of adsorption coefficients (Kg) has been 
reported for various soils. Hance (1976) found an average Kg of 106 in 9 
soils, with a range of 18 to 377. Spramble et al. (1975) reported a Kg 

of 16.5. Figure 4-4 shows the predicted profile of glyphosate applied to a 
sandy loam soil at 1.12 kg/ha, assuming Kg is 106. After 6 cm of 
percolated water, 94 percent of the glyphosate is still in the top 1 cm of 
soil. Figure 4-4 also shows the predicted concentration profile at the 
lowest observed Kg, 16.5. Even in this case, about 8/7 percent of the 
glyphosate is still in the top 2 cm of soil after 6 cm of water have 
percolated. The greatest leaching for glyphosate would be the case of a 
low adsorption coefficient combined with the sandy soil. This is shown by 
the curve with the lowest peak in figure 4-4, which shows that little 
glyphosate (less than 0.1 ppm) penetrates to 5 cm. When it is additionally 
considered that the half-life of glyphosate in soil is about 2 months 
(USDA, 1984), there is no realistic potential for contamination of ground 
water. 


Among the forestry herbicides, 2,4-D has a relatively high mobility because 
of its low adsorption. Grover (1973) studied adsorption of 2,4-D to seven 
soils and found a range for Kg of 0.09 to 1.3, with an average of 0.49. 

In a study of 2,4-D adsorption to nine soils, Rao and Davidson (1980) found 
an average Kq of 0.78. Figure 4-5 shows the leaching profiles predicted 
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Figure 4-4--Leaching profiles of glyphosate 


after 6 cm of percolated water 
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Figure 4-5--Leaching profiles of 2,4-D in sandy loam soil 


after 3 to 6 cm of percolated water 
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by the model for 1.12 kg/ha of 2,4-D in a sandy loam soil with Kg = 0.49, 
and figure 4-6 shows the maximal rate of leaching for a sand, assuming a 

Kg of only 0.09. This was the minimum Kg found by Grover. The figures 
show that 2,4-D leaching proceeds more rapidly than in the case of 
glyphosate, and the surface layer of soil begins to become depleted after a 
few centimeters of water have percolated. The profile shows a central peak 
that moves downward at a rate directly proportional to the amount of 
percolated water. The model shows that peak concentrations will diminish 
appreciably before they can reach aquifers, simply as a result of 
dispersion. Depending on local soil and vegetation conditions, 24 cm or 
more of rainfall may be required to produce 12 cm of percolated water. It 
is very unlikely that substantially more rainfall than this would occur 
before residues are largely degraded. Half-lives reported for 2,4-D in 
soil vary considerably, but they are generally less than 1 month (USDA, 
1984). 


Leaching profiles are shown in figures 4-7 through 4-16 for each of the 
other herbicides in a sandy loam. In each case, the application rate is 
1.12 kg/ha, and 6 cm of water have percolated. It can be seen that the 
herbicide concentrations near the surface are at most about 1 ppm, and at 
25 em, herbicide concentrations are less than 0.1 ppm. 


This simulation is quite crude in several respects. The distance moved by 
herbicides in the field could be expected to vary with degree of saturation. 
The simulation has not accounted for any form of degradation. In spite of 
these simplifications, the simulation clearly shows that herbicide 
concentrations will be very much reduced before reaching any typical 
aquifer. Wells are very uncommon in actively managed forests, so treated 
areas will very rarely lie directly over a well. Wells occur more 
typically at a distance from treated areas, therefore, further dilution and 
degradation during lateral movement of the herbicide plume is likely to 
occur. Based on the simple simulation presented here, which agrees in its 
general conclusions with the LEACH methodology, concentrations of herbicide 
at wells in the immediate vicinity of treated forest sites are not expected 
to be detectable. 


Movement Through The Aquifer 


A two-dimensional model was used to investigate the horizontal dispersion 
of herbicide that may reach an aquifer under conditions deliberately chosen 
to show nearly maximum leaching to a potential water source. The model 
(using the method of characteristics) was developed and programmed by the 
U.S. Geological Survey (Konikow and Bredehoeft, 1986). The model computes 
changes in concentration over time caused by the processes of convective 
transport, hydrodynamic dispersion, and mixing (or dilution). The model 
was applied to a case that represents conditions very favorable for 
movement of herbicides in ground water. This case simulates conditions 
typical of northern Florida where the water table is often close to the 
surface and soils typically are sands. Runoff is minimal from these very 
permeable soils. Only the unconfined near-surface aquifer was modeled. In 
fact, this aquifer is rarely used. In some parts of Florida, this aquifer 
is underlain by a confining layer (the Hawthorne formation). Below the 
confining layer are limestones that comprise the Floridan aquifer. This 
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Figure 4-6--Leaching profiles of 2,4-D in sand 


after 3 to 12 centimeters of percolated water 
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Figure 4-7--Leaching profiles of 2,4-DP in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-8--Leaching profiles of dicamba in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-9--Leaching profiles of fosamine in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-10--Leaching profiles of hexazinone in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-11--Leaching profiles of imazapyr in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-12--Leaching profiles of light fuel oil in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-13--Leaching profiles of picloram in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-14--Leaching profiles of sulfometuron methyl in sandy 


loam soil after 6 cm of percolated water 


1.395 ce 


6.837 


PPM 


@.558 





Depth in Cm 


Figure 4-15--Leaching profiles of tebuthiuron in sandy loam soil 


after 6 cm of percolated water 
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Figure 4-16--Leaching profiles of triclopyr in sandy loam soil 
after 6 cm of percolated water 


aquifer-is several hundreds of meters thick, and it serves as the primary 
source of water for both irrigation and drinking. The Floridan aquifer is 
much less likely to be contaminated with herbicides than the unconfined 
sand aquifer. 


The following assumptions were used to simulate movement of herbicide 
through the sand aquifer: 


(1) The aquifer is made up of saturated sands, 18.3 m thick. The porosity 
is 0.437 and the transmissivity is 0.00106 m2 per second. The water 
table is assumed to be close (approximately 1 m) to the soil surface. 


(2) The simulated area is 0.56 km2 containing a 16.2-ha area treated 
with herbicide. The concentrations were calculated for square 1.01 ha 
cells (100.6 by 100.6 m) within this area. 


(3) Ground-water flow within the area is at a steady state. The gradient 
of the water table is 5.4 m per 1000 n. 


(4) The longitudinal dispersivity was 30.5 m (moderate), and the lateral 
dispersivity was 0.3 times the longitudinal. 


(5) One pumping well (8.5 1/second) was located within the modeled area 
200 m downgradient from the treatment site, but it had only a small 
effect on the predicted concentrations. 


(6) The initial mass of herbicide in the aquifer under the treated sites 
was calculated using the maximum application rates anticipated to be 
used by the Forest Service, multiplied by the fraction leaching 10 
percent of the time calculated previously using the LEACH 
methodology. As described in a previous section, these leaching 
predictions were developed for a typical southeastern coastal plain 
site with sandy loam soils. The site has moderately high rainfall and 
leaching potential. A level sand site is expected to have a somewhat 
greater leaching potential, but no purely sand soils were included 
among the standard sites considered in the LEACH Handbook. 


(7) Time zero in the simulation occurs after leaching has occured, and the 
herbicide is assumed to be vertically mixed within the aquifer. This 
may require several months. 


(8) Half-lives were assumed to be the same as those used for the LEACH 
methodology, but adsorption was assumed to be zero because the aquifer 
contains little organic matter and clay. 


(9) Simulations were performed for all of the herbicides and also for 
benzene, representing the relatively soluble aromatic fraction of the 
kerosene contained in the ester formulations. 


The results are shown in figures 4-17 and 4-18 for dicamba at the time of 
initial leaching and 0.2 years later. The initial concentration is 0.005 
ppm, but the concentration in cells adjacent to the treated sites is less 
than 0.001 ppm at all times. Degradation is nearly complete at 0.2 year. 
The concentrations of hexazinone, imazapyr, and picloram at 0.2 years are 
shown in figures 4-19 through 4-21, respectively. The initial 
concentration under the treated site was about 0.004 ppm for hexazinone, 
and not more than 0.001 ppm for imazapyr and picloram. Most of these 
herbicides have degraded by 0.2 years and adjacent cells are never 
contaminated. Tebuthiuron is expected to be more persistent. Initial 
concentrations under the treated sites are 0.008 ppm, and figures 4-22 
through 4-24 show the expected concentrations at 0.2, 1 and 2 years, 
respectively. At 2 years, the maximum concentration is only 0.002 ppm, and 
cells adjacent to the treated area are significantly less. Concentrations 
beyond two cells (201 m) downgradient of the treated sites do not exceed 
0.001 ppm. Predicted concentrations of 2,4-D, 2,4-DP, fosamine, 
glyphosate, light fuel oil, sulfometuron methyl, and triclopyr are not 
measurable even under the treated site, so figures are not presented for 
these herbicides. Actual field data for sulfometuron methyl (Michael and 
Neary, 1987) and triclopyr (Neary, personal communication, 1987) in north 
Florida, under the same conditions as simulated, support these predictions. 


EPA's Office of Groundwater Protection (1986a) recently surveyed State 
government agencies with responsibility for monitoring pesticide 
contamination of ground water. EPA's report summarizes the findings of 24 
States that reported specific results. Detection of the herbicides used in 
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Figure 4-17--Two-dimensional ground water model predictions 
for dicamba at time zero in Florida near-surface aquifer, 
Initial concentration (ave.) under treated 


steady flow. 
area is 0.005 ppm. 
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Figure 4-18--Two-dimensional ground water model predictions 
for dicamba at 0.2 years in Florida near-surface aquifer, 
Initial concentration (ave.) under treated 


steady flow. 
area is 0.005 ppm. 
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Figure 4-19--Two-dimensional ground water model predictions 
for hexazinone at 0.2 years in Florida near-surface aquifer, 


steady flow. Initial concentration (ave.) under treated 
area is 0.004 ppm. 
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Figure 4-20--Two-dimensional ground water model predictions 
for imazapyr at 0.2 years in Florida near-surface aquifer, 
steady flow. Initial concentration (ave.) under treated 
area is 0.001 ppm. 


4-41 


DIRECTION OF FLOW 
-000 .000 .000 .000 .000 .000 .000 





000 .000 .000 100 = 
000 .000 .000 
-000 .000 .000 300 - 

Meters 
.000 .000 .000 
-000 .000 .000 .000 .000 .000 .o00 500 = 


000 .000 000; S2000RgRO00NE 000naRO0D 
-000 .000 .000 .000 .000 .000 .000 700 - 
-000 .000 ~O00RSR000ReRCOOurEO00E e000 


Note: Shading indicates treated area 


a 
indicates location of a well 


Figure 4-21--Two-dimensional ground water model predictions 
for picloram at 0.2 years in Florida near-surface aquifer, 
Steady flow. Initial concentration (ave.) under treated 
area is 0.000 ppm. 
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Figure 4-22--Two-dimensional ground water model predictions 
for tebuthiuron at 0.2 years in Florida near-surface aquifer, 


steady flow. Initial concentration (ave.) under treated 
area is 0.008 ppm. 


4-42 


DIRECTION OF FLOW 
000880005" 20001299000 62s. 0008 000" .000 





.000 -000 100 - 
000 000 
-000 .000 300 - 
Meters 
-000 -000 
FOG0 e000 oe700 288.5002 $002°° .001%"-:000 500 - 


PO00MEE 000 9.0.0 0m000 29 20002"4.000"' 000 
PO00#s 000 000 “2000 =s000-"'*s000 * .000 100%— 
BOOP ROOCe® 200081 82000°4 4000 ©4000 M000 


Note: Shading indicates treated area 


a 
indicates location of a well 


Figure 4-23--Two-dimensional ground water model predictions 
for tebuthiuron at 1 year in Florida near-surface aquifer, 
steady flow. Initial concentration (ave.) under treated 
area is 0.008 ppm. 
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indicates location of a well 


Figure 4-24--Two-dimensional ground water model predictions 
for tebuthiuron at 2 years in Florida near-surface aquifer, 
steady flow. Initial concentration (ave.) under treated 


area is 0.008 ppm. 
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Region 8 was very rare, but picloram was detected by four States and 2,4-D 
was reported by two. However, these surveys were generally conducted in 
areas of high agricultural use, where herbicide applications are more 
frequent and the amount used (1b a.i./ac) is greater per application. In 
the Southern Region, only about 10 percent of the herbicide-treated acres 
were treated with either of these chemicals. 


In late 1984, EPA formed an agencywide Working Group on Pesticides in 
Ground Water. One objective of the working group was to complete an 
intensive review of existing information and scientific knowledge about the 
extent of pesticide contamination, its causes, and its potential impact on 
human health. The findings of the working group were summarized in 
"Pesticides in Ground Water: Background Document" (EPA, 1986b). The 
report points out that the potential sources of ground-water contamination 
include not only leaching of pesticides applied to the land surface, but 
also spills and leaks from storage areas or loading sites, disposal areas, 
and backflow to irrigation wells. The working group identified a list of 
pesticides that have been detected in ground water as a result of normal 
land application. None of the herbicides used by the Forest Service in 
Region 8 are on this list. 


When the herbicides considered in this risk assessment have been detected 
in ground water, they generally are measured only in trace amounts that are 
not expected to be toxic. For example, EPA has established a tolerance of 
O.1 ppm for 2,4-D in drinking water (Mullison, 1986), which is much higher 
than the trace amounts typically detected. 


Based on both simulations and field monitoring studies, none of the 
herbicides considered in this analysis is considered a hazard to 
ground-water use. Subsequent consideration of exposures to humans from 
drinking water will be restricted to surface water bodies. 


The Potential for Contamination of Surface Water by Runoff 


Runoff of herbicide from the soil surface was estimated using a 
modification of the Haith (1980) model. The model was originally validated 
using pesticide runoff data derived from tests conducted in Georgia. The 
model considers adsorption and degradation to calculate a mass balance of 
pesticide in the top centimeter of soil. The pesticide in the surface soil 
is apportioned to adsorbed and dissolved phases, which are then available 
for loss as soil and water runoff from the treated plot. Runoff is 
calculated on a storm-by-storm basis. Runoff of both sediment (erosion) 
and water are calculated using standard Soil Conservation Service (SCS) 
techniques. 


Erosion was calculated using the Universal Soil Loss Equation (Wischmeier 
and Smith, 1978). This equation was designed to predict average soil loss 
in runoff for specific soil, topographic, and vegetation conditions. The 
equation is based on a large amount of research data and has a long history 
of use. The basic equation is as follows: 


A = RKLSCP 
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where: 
A = the computed soil loss per unit area 
R = the rainfall and runoff factor 
K = the soil erodibility factor 
L = the slope length factor 
S = the slope steepness factor 


C = the cover and management factor, relating soil loss under specific 
vegetation and management conditions to continuous fallow 


P = the support practice factor, representing the effect of specific 
practices, for example contouring, that may reduce erosion relative 
to cultivation up- and down-slope 


The Soil Conservation Service has given ample guidance on the selection of 
numerical values for the various factors in the equation (Wischmeier and 
Smith, 1978, and a variety of regional publications). Two additions to the 
equation have been made in the runoff model. First, rainfall erosivity has 
been calculated on a single-storm basis (Ateshian, 1974), as measured by 
24-hour rainfalls. Second, provision has been made for the addition of a 
sediment delivery ratio factor to represent that fraction of sediment 
leaving a field that reaches a receiving water body. Any buffer area 
between treated plots and drainage channels, especially a well-vegetated 
buffer area, will substantially reduce the amount of eroded sediment 
reaching the channel. Sediment delivery ratios also generally decrease as 
the size of the drainage area increases (EPA, 1973). A Forest Service 
Handbook (1972) suggests a method for estimating the sediment delivery 
ratio as 1 minus the fraction for a minimum effective buffer strip: 


SDR = 1 - horizontal distance 
minimum effective buffer 

where the horizontal distance is in feet measured from the edge of the 
stand to the nearest active channel, and the minimum effective buffer strip 
in feet is estimated to be 30 + 1.4 x (% slope to channel) (U.S. Forest 
Service, Region 8, 1987). 


The volumes of runoff water were calculated by means of the Soil Conservation 
Service runoff curve number technique (USDA, 1972). Runoff curve numbers 
describe the tendency for rainwater to run off the land. The runoff curve 
number was used in the following equations to predict runoff volumes: 


_ 1000 _ 


SS ae 10 
and 
Q = (P - 0.28)2/(P + 0.858) 
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where: 


CN = the runoff curve number 

S =a retention parameter 

P = the amount of rainfall (inches) 
Q = the amount of runoff (inches) 


The SCS National Engineering Handbook (USDA, 1972) provides guidance on the 
choice of runoff curve numbers. The handbook shows runoff curve numbers 
for various combinations of vegetation cover type and hydrologic soil 
groupe All major soil series have been assigned by SCS to one of the four 
hydrologic soil groups, A through D. Soils in group A have an unusually 
low runoff potential, and soils in group D have an unusually high runoff 
potential. 


The runoff and erosion prediction methods discussed above were combined 
with the following equations to predict herbicide runoff: 


Pit i=nPo exp? Grat) 

Pp Wi=sApct! Dp 

Ae = [1/(1 +0/(Kg x0))] x Py 
Dee Cl aK x: 0'/6 xP. 


PXt = [X_/100 xp ] x At 


PQe = [Q¢/Re] x De 
where: 
Ey = herbicide concentration at time t (g/ha) 
Ee = initial herbicide concentration (g/ha) 
@® = herbicide degradation constant 
t = elapsed time 
A. = adsorbed herbicide (g/ha) 
QO = available soil moisture capacity (cm/cm) 


Kg = adsorption coefficient (mg/kg)/(mg/L) 


© = soil bulk density (g/cm3) 


D_ = dissolved herbicide (g/ha) 

PX = adsorbed herbicide lost in runoff (g/ha) 
X = soil loss (tons/ha) 

PQ. = dissolved herbicide lost in runoff (g/ha) 
Q.- = runoff (inches) 


R = rainfall (inches) 


The model was modified to account for adsorption to soil within a buffer 
zonee Calculations have also been added to the model to estimate the 
resulting concentrations in a pond fed by a small stream draining the 
treated land. The assumptions used for this scenario are intended to show 
the highest concentrations that could reasonably be expected to occur in a 
pond. The basic assumptions of the pond scenario are as follows: 


(1) The pond is 0.2 ha in area and 1.5 m deep. 
(2) The watershed is 40.5 ha in area. 


(3) It is assumed that 50 percent of the watershed is treated with the 
herbicide. 


(4) The treated acreage drains directly into the pond or stream without 
passing over a buffer zone, or after passing over buffer zones of 10 
or 20 m. In practice, buffer zones are maintained around perennial 
water bodies (6.1 m minimum), but ephemeral streams may have no 
buffers. 


(5) The volume of the pond does not change significantly; therefore, the 
outflow approximately equals the inflow. 


(6) Processes within the pond, including degradation of the herbicide and 
sorption to bottom sediments, are not considered. Only the initial 
concentration is displayed here. 


(7) Ground cover was assumed to be about 80 percent. 


A required input to the model is an estimate of the fraction of the 
chemical in the top cm of soil. This was estimated assuming that 75 
percent of the chemical reaches the soil surface, and then applying the 
one-dimensional leaching model (described previously under "Leaching Under 
Extreme Conditions"). The fraction was estimated after 5 cm (2 in) of 
water have percolated. More would be present on the surface at earlier 
times but most runoff is expected to occur after the surface soil is 
Saturated. The fraction remaining in the top cm of soil was directly 
related to Kge The surface fraction was estimated as 10 percent for 
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chemicals with Kg less than 0.7, 15 percent for Kg between 0.7 and 1.5, 
and 57 percent for glyphosate, which has a Kg of approximately 16.5. 


In order to investigate the variation in runoff concentrations under 
different conditions, 11 soil types were chosen to represent the dominant 
types encountered in the Region, and typical and maximum slopes were 
estimated for each. Table 4-10 lists the soil types, their surface 
texture, and organic matter contents. Runoff was simulated from each of 
these soil types for each herbicide at each buffer width. Kg for each 
herbicide-soil combination was determined using organic carbon partition 
coefficient (Koc) values based on Dean et al. (1984), or in some cases 
based on the Kg values presented earlier assuming that they refer to 1 
percent organic carbon content. The simulations were performed using 
rainfalls that represent 2 and 5 year recurrence intervals, for typical and 
maximum slopes, and for 3 different buffer distances: 0, 10, and 20 nm. 
Herbicides are not applied closer than 6.1 m to streams or ponds, but the 
case with no buffer represents ephemeral drainages that would flow during a 
large rainstorm. 


The results are shown in tables 4-11 through 4-21. The runoff 
concentrations from the Cleveland and Pacolet soil are among the highest. 
These soils are in the steeper portions of the Piedmont and Appalachian 
Mountains and have the lowest organic matter content of the 11 soils 
compared in table 4-10. Although the largest runoff events carry the most 
herbicide, this is more than offset by dilution. It should be emphasized 
that the simulated situations are not expected to be typical, but they 
represent extreme events. The rainfall is assumed to occur the first day 
after application. In fact, it is standard Forest Service practice to 
avoid applications if rainfall is known to be imminent. Small localized 
showers are often not anticipated, but major storms can be predicted with 
reasonable accuracy. 


Runoff predictions for glyphosate are not presented because it does not 
follow the model assumption that adsorption is controlled by organic matter 
content of soils. However, because of its strong adsorption and 
inactivation by soils (especially clays), glyphosate is not considered to 
be a potential problem in runoff. 


Even though the estimated runoff concentrations are extreme, they are of 
the same order of magnitude as those predicted for the maximum drift 
situation: 0.002 to 0.055 ppm. The runoff concentrations are not as great 
as those estimated for accidental spills into reservoirs (0.04 to 

0.23 ppm), and they are much less than those estimated for spills into 
ponds (0.124 to 3.13 ppm). Consequently, margins of safety will be 
presented in section 5 only for people consuming water receiving drift and 
accidental spills. 


The results of the runoff simulations are consistent with some field study 
results, but the simulation is likely to overestimate concentrations in 
many cases. Neary et al. (1983) measured hexazinone residues in runoff 
from four small watersheds in the Chattahoochee National Forest. During 
the first storm after application, residues in runoff from the treatment 
areas averaged 0.442 ppm, but the concentration of hexazinone (plus 
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Table 4-10 


Representative soil types 








umbric dystrochrept 


Percent 
Surface Organic 
Soil Type Classification Texture Matter 
Coastal Plain 
Astatula Hyperthermic, uncoated, typic Sand The?) 
quartzipsamment 
Atmore Coarse-loamy siliceous, thermic Silt loam LIS 
plinthic paleaquult 
Benndale Coarse-loamy siliceous, thermic Fine sandy SAU 
typic paleudult loam 
Providence Fine-silty, mixed, thermic typic Silt loam 4.0 
fragiudalf loam 
Smithdale Fine-loamy siliceous, thermic Sandy loam Sait) 
typic paleudult 
Piedmont 
Pacolet Clayey, kaolinitic, thermic typic Sandy loam ew) 
hapludult 
Mountains 
Cleveland Loamy, mixed, mesic lithic Sandy loam a0 
dystrochrept 
Edneytown Fine-loamy, mixed, mesic typic Fine sandy iad) 
hapludult loam 
Edneyville Coarse-loamy, mixed mesic typic Fine sandy 220 
dystrochrept loam 
Sylco Loamy-skeletal, mixed, mesic Gravelly silt 3.0 
typic dystrochrept (rock content loam 
»352) 
Tusquitee Coarse-loamy, mixed, mesic Loam 6.0 


Table 4-11 


Runoff model predictions for benzene 





Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) (INS. ) (4%) Buffer: O m 10 m 20 m 
Astatula 4.8 0.0 crue) 0.000 0.000 0.000 
Astatula 6.3 0.0 3.0 0.000 0.000 0.000 
Atmore Seal Zot 2.0 0.000 0.000 0.000 
Atmore ifr) 4.0 Za 0.000 0.000 0.000 
Benndale 4.8 0.9 500 0.000 0.000 0.000 
Benndale Gia iy) De 0.000 0.000 0.000 
Benndale 4.8 0.9 10.0 0.000 0.000 0.000 
Benndale OF Le7 10.0 0.000 0.000 0.000 
Providence 4.8 9 5.0 0.000 0.000 0.000 
Providence Gan 3610 8.0 0.000 0.000 0.000 
Providence 4.8 eg 20.0 0.000 0.000 0.000 
Providence eee cv) 20.0 0.000 0.000 0.000 
Smithdale 4.8 0.9 1530 0.000 0.000 0.000 
Smithdale 603 LAY Lie 0.000 0.000 0.000 
Smithdale 4.8 0.9 30.0 0.000 0.000 0.000 
Smithdale 603 Wes 3030 0.000 0.000 0.000 
Pacolet oes! 0.5 10.0 0.000 0.000 0.000 
Pacolet 560 1.0 10.0 0.000 0.000 0.000 
Pacolet 320 OD 2e0 0.000 0.000 0.000 
Pacolet Die lis O 2500 0.000 0.000 0.000 
Cleveland 5.0 ihe) 20.0 0.000 0.000 0.000 
Cleveland Le Ze 20.0 0.000 0.000 0.000 
Cleveland Dre) 1.0 45.0 0.000 0.000 0.000 
Cleveland a0 oveik 45.0 0.000 0.000 0.000 
Edneytown 55.0 TO 20.0 0.000 0.000 0.000 
Edneytown 7.0 Za 20.0 0.000 0.000 0.000 
Edneytown Sel LO 40.0 0.000 0.000 0.000 
Edneytown PaO heap 40.0 0.000 0.000 0.000 
Edneyville 520 Le0 20.0 0.000 0.000 0.000 
Edneyville TO Zonk 20.0 0.000 0.000 0.000 
Edneyville 50 1.0 40.0 0.000 0.000 0.000 
Edneyville neo Zar 40.0 0.000 0.000 0.000 
Sylco 4.0 Oa 25.0 0.000 0.000 0.000 
Sylco 5.0 Li 2560 0.000 0.000 0.000 
Sylco 4.0 O25 45.0 0.000 0.000 0.000 
Sylco 50 0 4560 0.000 0.000 0.000 
Tusquitee 5.0 10 15.0 0.000 0.000 0.000 
Tusquitee Ted) Zak 15.0 0.000 0.000 0.000 
Tusquitee 5-0 1.0 35.0 0.000 0.000 9.900 
Tusquitee 7.0 earl 35.0 0.000 0.000 0.000 


ae 
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Table 4-12 


Runoff model predictions for 2,4-D 





Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) CTNS 7) (4%) Buffer: 0 m 10 m 20 m 
Astatula 4.8 0.0 a0) 0.000 0.000 0.000 
Astatula 6.3 SO a.0 0.003 0.001 0.001 
Atmore 5a) 2.4 Za 0.142 0.141 0.141 
Atmore Ted 4.0 250 0.104 0.104 0.104 
Benndale 4.8 0.9 5.0 OM108° 0.105 8) 05105 
Benndale 6.3 Ved 5.0 0.087 0.084 0.084 
Benndale 4.8 0.9 10.0 OeL12 0.107 OVLOS 
Benndale 6.3 Le 10.0 0.091 0.086 0.084 
Providence 4.8 1.9 8.0 aes 0.108 OF L07 
Providence 6.3 3.0 8.0 0.088 0.083 0.081 
Providence 4.8 1.9 20.0 0.133 0.118 0.107 
Providence 6.3 3.0 20.0 0.111 0.094 0.081 
Smithdale 4.8 0.9 15.0 Oarz0:  O.110, ©.0.5105 
Smithdale 6.3 ihe | 15.0 0.099 0.089 0.084 
Smithdale 4.8 0.9 30.0 Osto2 051307. 9' 02109 
Smithdale 6.3 ee, 30.0 0.131 0.109 0.088 
Pacolet 3.8 0.5 10.0 Oetr2. | 0.169 0.168 
Pacolet 5.0 1.0 10.0 Orble Oslog) M0 eLaS 
Pacolet 3.8 0.5 25.0 Osiso. Oc 7 0.168 
Pacolet 5.0 1.0 25.0 0.176 0.167 0.158 
Cleveland 5.0 10 20.0 Ool70" .0.16390.00158 
Cleveland 7.0 2.1 20.0 Dees0 10... 227ne Os. 
Cleveland 5.0 1.0 45.0 O04 O16 "R01 77 
Cleveland 7.0 2 ark 45.0 0.104 0.147098 0.132 
Edneytown 5.0 1.0 20.0 0.142 0.132 0.124 
Edneytown 7.0 ail 20.0 OeLO 1.1004 06092 
Edneytown 5.0 1.0 40.0 O30 0.15998 05137 
Edneytown 7.0 Ze 40.0 Gst460 Osl2Z/eae 0.05 
Edneyville 5-0 1.0 20.0 Owl42 O0.13252°0,124 
Edneyville 7.0 Zed 20.0 Ostl0 ~ 0.10009 "0.092 
Edneyville 5.0 1.0 40.0 GelLoo » O.159°" » OL 13? 
Edneyville 7.0 2Zek 40.0 Ovias. * 0.1278) 802105 
Sylco 4.0 0.5 25.0 Oe132 0.130 05127 
Sylco 5.0 1.0 25.0 Deicse Octet» Osias 
Sylco 4.0 0.5 45.0 Oetsoo ) Oslo” - Osa si 
Sylco 5.0 1.0 45.0 Oro0) | Osl26)) O62? 
Tusquitee 5.0 1.0 15.0 0.101 0.081 0.070 
Tusquitee 7.0 Zod 15.0 0.083 0.063 0.052 
Tusquitee 5.0 1.0 35.0 0.194 0.142 0.090 
Tusquitee 7.0 Zed Spe) 0.177 Oe L259" * 05073 


eS 
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Table 4-13 


Runoff model predictions for 2-4-DP 


Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) (INS. ) (Z%) Buffer: 0 m 10 m 20 m 
Astatula 4.8 0.0 3.0 0.000 0.000 0.000 
Astatula Geo 0.0 330 0.003 0.001 0.001 
Atmore Sia Zen Peeg@) 0.080 0.079 0.079 
Atmore i Pegs) 4.0 VO) 0.059 0.058 0.058 
Benndale 4.8 0.9 bie 0.051 0.048 0.048 
Benndale ig 3) ile d 560 0.042 0.039 0.038 
Benndale 4.8 0.9 10.0 0.056 0.050 0.048 
Benndale 663 Dyce! L050 0.047 0.041 0.038 
Providence 4.8 1.9 8.0 0.055 0.049 0.048 
Providence 6.5 2118) 8.0 0.045 0.038 0.037 
Providence 4.8 Bag 20.0 0.078 0.061 0.048 
Providence 6.3 Be U 20.0 0.070 0.058 0.037 
Smithdale 4.8 0.9 oe O 0.065 0.054 0.048 
Smithdale 6.3 Pei, (ee 0.056 0.045 0.038 
Smithdale 4.8 0.9 30.0 On O02 0.077 0.052 
Smithdale 6.43 Lew, 30.0 0.092 0.068 0.043 
Pacolet 3.8 Geo 10.0 0.104 0.099 0.098 
Pacolet ar!) 1.0 1020 0.098 OO Ie 0.092 
Pacolet Be8 (ORs Yan 8) Uso Oe LO 0.098 
Pacolet Da) Vera) 25.0 0.118 0.105 0.092 
Cleveland Se) hei) 20.0 0.110 0.100 0.092 
Cleveland 7.0 Daw 20.0 0.086 0.076 0.068 
Cleveland Die 10 Ns a) Og Oelks3 0.111 
Cleveland FAW Decl! 45.0 0.136 O.112 0.088 
Edneytown 5.0 a.0 20.0 0.084 02072 0.062 
Edneytown AY Ze 20.0 0.069 0.056 0.046 
Edneytown ely) Pec 40.0 Oe. 32 QS 105 0.078 
Edneytown 70 Dark 40.0 0.116 0.089 0.062 
Edneyville SALE) 0 20.0 0.084 0.0/2 0.062 
Edneyville ew) wall 20.0 0.069 0.056 0.046 
Edneyville 5.0 eG) 40.0 C2132 0.105 0.078 
Edneyville 7.0 Peis 40.0 0.116 0.089 0.062 
Sylco 4.0 0.5 feia yes) 0.067 0.065 0.062 
Sylco er) iy 8) 2560 0.063 0.060 0.058 
Sylco 4.0 On) 45.0 0.075 0.071 0.066 
Sylco BU) ined) 45.0 0.071 0.066 0.062 
Tusquitee De) iO 1S..0 0.060 0.040 0.028 
Tusquitee 7.0 Zel 15.0 0.053 O.032eqs80.027 
Tusquitee 0 te 3560 O68 55 0.102 0.049 
Tusquitee 7.0 Vip 35.0 0.148 0.095 0.042 


—_—_————— 
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Table 4-14 


Runoff model predictions for dicamba 








Rain Runoff Slope Concentration In Pond (ppm) 

(INS.) GINS.) CH) Buffer: Om 10 m 20 m 
Astatula 4.8 0.0 350 0.000 0.000 0.000 
Astatula aes O20 S510 0.001 0.001 0.001 
Atmore ats Det 220 0.083 0.083 0.083 
Atmore Taek 4.0 2s 0.061 0.061 0.061 
Benndale 4.8 0.9 5-0 0.085 0.084 0.084 
Benndale 60.3 bey SALE 0.068 0.068 0.068 
Benndale 4.8 0.9 10.0 0.085 0.085 0.084 
Benndale 6.3 he 10.0 0.068 0.068 0.068 
Providence 4.8 1.9 8.0 0.089 0.088 0.088 
Providence ses, eae 8.0 0.068 0.068 0.067 
Providence 4.8 eS 20.0 0.091 0.089 0.088 
Providence 6.53 330 20.0 0.070 0.069 0.067 
Smithdale 4.8 0.9 15.0 0.086 0.085 0.084 
Smithdale Gens Ae d 15.0 0.069 0.068 0.068 
Smithdale 4.8 0.9 30.0 0.089 0.087 0.085 
Smithdale boo Ne 30.0 0.072 0.070 0.068 
Pacolet cre: 0.5 10.0 0.095 0.095 0.095 
Pacolet ree £.0 10.0 0.089 0.089 0.089 
Pacolet Jed 0.5 Zoe 0 0.096 0.095 0.095 
Pacolet a 1.0 20) 0.090 0.089 0.089 
Cleveland 3.0 1.0 20.0 0.090 0.089 0.089 
Cleveland io Dood 20.0 0.067 0.066 0.066 
Cleveland 5.0 ae) 45.0 0.092 0.091 0.090 
Cleveland 7.0 pig 45.0 0.069 0.068 0.067 
Edneytown He) 4.0 20.0 0.087 0.086 0.085 
Edneytown 7.0 Za l 20.0 0.065 0.064 0.063 
Edneytown Sil! eu 40.0 0.090 0.088 0.086 
Edneytown 7.0 fal 40.0 0.068 0.066 0.064 
Edneyville 5.0 Lo 20.0 0.087 0.086 0.085 
Edneyville dia wel 20.0 0.065 0.064 0.063 
Edneyville eee 4) 40.0 0.090 0.088 0.086 
Edneyville FeO at 40.0 0.068 0.066 0.064 
Sylco 4.0 0.5 22,0 0.092 0.091 0.091 
Sylco 5-0 1.0 25:60 0.085 0.085 0.085 
Sylco 4.0 0.23 45.0 0.092 0.092 0.092 
Sy ico. Dell el 45.0 0.086 0.085 0.085 
Tusquitee Die) 1.0 15.0 0.079 0.076 0.075 
Tusquitee 7.0 Died £5..0 0.059 0.057 0.056 
Tusquitee 5.0 1.0 35.0 0.090 0.084 0.077 
Tusquitee Vey) pe! 35.60 0.071 0.064 0.058 





Table 4-15 


Runoff model predictions for fosamine 


Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) CINS 3) GZ) Buffer: O m 10 m 20 m 
Astatula 4.8 Os af 0.000 0.000 0.000 
Astatula ORS, 0.0 $16. 0.045 0.002 0.000 
Atmore Sess) 2.4 AW) G2057 0.041 0.040 
Atmore 75) 4.0 Zoo 0.049 0.030 0.030 
Benndale 4.8 O59 240) 0.069 0.023 0.017 
Benndale 6.3 es, ae 0.065 0.020 0.014 
Benndale 4.8 0.9 1030 0.149 0.050 0.07 
Benndale Goo es 10.0 0.145 0.047 0.014 
Providence 4.8 og 8.0 0.124 0.039 Os O87 
Providence Ge3 3.0 8.0 0.134 0.037 0.013 
Providence 4.8 Hie) 20.0 0.461 0.209 0.017 
Providence (awe 5} 5.0 20.0 O05 5 01230 OREN GS 
Smithdale 4.8 0.9 15-0 0.285 OonnZ OVOr. 
Smithdale 65 Lan], 15.0 0.281 0.108 0.014 
Smithdale 4.8 0.9 30.0 0.845 0.465 0.086 
Smithdale ORS) ils?) 3050 0.839 0.461 0.083 
Pacolet Slests) OD 10.0 0.189 0.087 C2054 
Pacolet 5.0 10 10.0 0.191 0.086 0.051 
Pacolet Sisto) O35 25960 Us O31 OFsss 0.053 
Pacolet 5.0 130 Zoe 0.652 Oeo4), 0.051 
Cleveland 3.0 1.0 20.0 0.469 ees ail 0.051 
Cleveland Jia Ze 20.0 0.457 OVZ US 0.038 
Cleveland el 1.0 45.0 Lez Le OoZ 0.501 
Cleveland Hew Peal 45.0 eos 1.043 0.490 
Edneytown 5.0 1.0 2030 0.415 OV193 0.025 
Edneytown 7.0 21 20.0 0.410 0.188 0.019 
Edneytown 520 13.0 40.0 eee 0.769 0.306 
Edneytown AY) Zak 40.0 Lee32 0.766 0.301 
Edneyville BEE) 120 20.0 0.415 0.193 GO, 0Z25 
Edneyville jaw) Her 20.0 0.410 0.188 0.019 
Edneyville 5 o0 ee 40.0 ess} 0.769 0.306 
Edneyville eh) eel 40.0 Leeaz 0.766 OS 30L 
Sylco 4.0 Pie 250 Cala 0.066 OVOZ3 
Sylco Be) 10 VAD Oki 0.066 0.022 
Sylco 4.0 OOS 45.0 0.246 0.167 0.087 
Sylco 5a) VAD) 45.0 Ve2 50 0.169 0.088 
Tusquitee 52.0 LO Pe 0.440 0.161 0.008 
Tusquitee 7.0 2 a, 15.0 0.440 0.159 0.007 
Tusquitee 5.0 1.0 35.0 teJ18 1.004 OCZ290 
Tusquitee 7.0 Del 35.0 1.724 1.006 —07289 





Table 4-16 


Runoff model predictions for hexazinone 





Rain Runoff Slope Concentration In Pond (ppm) 

CINS &) (INS. ) OS) Buffer: Om 10 m 20 m 
Astatula 4.8 0.0 3.0 0.000 0.000 0O.000 
Astatula 6.3 0.0 350 0.002 0.001 ='05001 
Atmore 52D 2.4 7450) OF121 O20 OM21 
Atmore ia 4.0 2.0 0.089 0.088 0.088 
Benndale 4.8 0.9 Del 02092. 0.5089 85702089 
Benndale 6.3 ey 5.0 O04) (O07 2 Si k0s 072 
Benndale 4.8 0.9 10.0 05096 0.091 © 805089 
Benndale aa) Ley 10.0 020768) (0607 3 BIOs O72 
Providence 4.8 1.9 8.0 05096 0.092" "207091 
Providence 6.3 3.0 8.0 OF075 90.0707 0.069 
Providence 4.8 ae) 20.0 OF113 7 SOSECOY 05091 
Providence 6.3 3.0 20.0 0.095 0.080 0.069 
Smithdale 4.8 0.9 15.0 NeLO2" 90.0940 .039 
Smithdale 6.3 dew 15.0 05085 0.076 "80.071 
Smithdale 4.8 0.9 30.0 0.130 OF Li 0.092 
Smithdale 6.3 ied 30.0 OF112” ~0-093" 405075 
Pacolet 3.8 0.5 10.0 OSl47, “02144 ""0s143 
Pacolet 5.0 1.0 10.0 Oets3, 705136 FFOsl35 
Pacolet 3.8 0.5 25.0 Oe159 TOs Ls SRO Sas 
Pacolet 5.0 1.0 25.0 Ori DOP 0s 427 80 s185 
Cleveland 5.0 1.0 20.0 OF146)- (0073990, 135 
Cleveland 7.0 2al 20.0 Ovlll “OslOsaeeedo 100 
Cleveland 5.0 1.0 45.0 0.175 0.161 0.146 
Cleveland 7.0 Zak 45.0 Os141- “O01 260.0 Sln2 
Edneytown 5.0 1.0 20.0 Oe 2) [0.1.2 20 106 
Edneytown 7.0 Pah 20.0 0.094 0.085 0.078 
Edneytown 5.0 1.0 40.0 05154 0.136 0.117 
Edneytown 7.0 Zell 40.0 O2t27  O-1L08e 00090 
Edneyville 5.0 1.0 20.0 0.121 0.112 0.106 
Edneyville 7.0 2.1 20.0 02094 0.085 "0.078 
Edneyville 5.0 1.0 40.0 Ost54..5 OFL30 4 SOSA 
Edneyville 7.0 Zeal 40.0 O0127 0.108..°+02090 
Sylco 4.0 0.5 25.0 Ooll2 O10 06108 
Sylco 5.0 1.0 25.0 0.104 0.103 0Q.101 
Sylco 4.0 0.5 45.0 Oel1s O.d15 O4bTI 
Sylco- 5.0 1.0 45.0 Oa1a0, 0.107 “Oop04 
Tusquitee 5.0 1.0 15.0 0.086 0.069 0.059 
Tusquitee 7.0 2.1 15.0 0.071 0.054 0.044 
Tusquitee 5.0 1.0 35.0 0.167 Oel22 0.077 
Tusquitee 720 RE 39%0 Osto2 W107" 705062 


a 
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Table 4-17 


Runoff model predictions for imazapyr 


Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) (INS. ) (4%) Buffer: O m 10 m 20 m 
Astatula 4.8 0.0 3.0 0.000 0.000 0.000 
Astatula 633 0.0 3.0 0.001 0.000 0.000 
Atmore Dt 2.4 260 0.027 0.027 0.027 
Atmore Ths) 4.0 Ze 0.020 0.020 Oc020 
Benndale 4.8 0.9 Deu 0.019 0.019 0.018 
Benndale 6.3 Le? 520 0.016 0.015 0.015 
Benndale 4.8 0.9 10.0 0.020 0.019 0.018 
Benndale 6.3 ow 10.0 0.017 0.015 0.015 
Providence 4.8 1.9 8.0 0.020 0.019 0.019 
Providence 6.3 3.0 8.0 0.016 0. OS 0.014 
Providence 4.8 1.9 20.0 0.025 0.021 0.019 
Providence 6.3 3.0 20.0 C2022 O07 O0la 0.014 
Smithdale 4.8 0.9 Ee) 0.022 0.020 0.018 
Smithdale es 3 STI 15.0 0.019 0.016 ),105005 
Smithdale 4.8 0.9 30.0 0.030 0.025 0.019 
Smithdale 6.3 Day 30.0 02026: 0.022 0.016 
Pacolet leis} 0.5 10.0 0.034 0.033 0.032 
Pacolet 5.0 1.0 10.0 09032 10.031 0.030 
Pacolet 3.8 0.5 25.0 05037 0.035 0-032 
Pacolet 520 1.0 2560) 0.035 0.933 ~03036 
Cleveland 530 1.0 20.0 0.034 0.03 2:05 05030 
Cleveland 7.0 Para 2030 0.026 0.024... 05023 
Cleveland 5.0 ed 45.0 0.043 0.039 0.034 
Cleveland 130 Zl 45.0 0.035 0.031 0.026 
Edneytown 520 10 20.0 0.027 0.025 0.023 
Edneytown 7.0 Poe 20.0 0.021 0.019 0.017 
Edneytown 5.0 1.0 40.0 0.037 0.031 0.026 
Edneytown 0 Zal 40.0 0.031 0.026 0.020 
Edneyville 520 hfe 20.0 0.027 0.025 0.023 
Edneyville eye) Ded 2050 OsOzk 0.019 0.017 
Edneyville eye) 1.0 40.0 0.037 0.031 0.026 
Edneyville 7.0 Zod. 40.0 O2031 0.026 . »0.020 
Sylco 4.0 0.5 25.0 0.024 0.024 Os022 
Sylco 5<0 1.0 25.0 0.023° 0.022 Of020 
Sylco 4.0 0.5 45.0 0.026 D025 0.024 
Sylco 5.0 1.0 45.0 0.024 0.023 0.022 
Tusquitee 5.0 1.0 15.0 0.019 0.014 0.012 
Tusquitee 7.0 Zod 15.0 0.016 0.011 0.009 
Tusquitee 5.0 1.0 35.0 0.041 0.029 0.017 
Tusquitee 7.0 Zed. 35.0 0.038 0.026 0.014 


Table 4-18 


Runoff model predictions for picloram 





Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) CENS <3) (i5) Buffer: O m 10 m 20 m 
Astatula 4.8 0.0 B20 0.000 0.000 0.000 
Astatula 6.3 0.0 3.0 0.001 0.000 0.000 
Atmore be 2.4 Dal) 0.026 0.026 0.026 
Atmore fe 4.0 2.0 0.019 0.019 0.019 
Benndale 4.8 Dag 5.0 0.019 0.018 0.018 
Benndale 6.3 ots, Dev 0.015 0.015 O01 
Benndale 4.8 0.9 10.0 0.020 0.019 0.018 
Benndale 663 Led 10.0 0.016 Os 015 0.015 
Providence 4.8 9 8.0 0.020 0.019 0.019 
Providence 6.3 3.0 8.0 0.016 0.014 0.014 
Providence 4.8 es) 20.0 0.024 0.021 02019 
Providence 6.3 3.0 2020 0.021 0.017 0.014 
Smithdale 4.8 0.9 15.0 0.022 0.020 0.018 
Smithdale 6.3 is 7 15.0 0.018 0.016 0.015 
Smithdale 4.8 0.9 3050 O029 0.024 0.019 
Smithdale 6.3 ee 30.0 0.025 0.020 0.016 
Pacolet 3.8 0.5 10.0 Or O32 0.032 0.034 
Pacolet 5.0 Ls 10.0 0.031 0.030 0.030 
Pacolet 368 OP! 2560) 0.036 0.034 02031 
Pacolet 5-0 1.0 Ze) 0.034 05032 0.030 
Cleveland 5.0 1.0 20.0 0.033 02031 0.030 
Cleveland 7.0 Zak 20.0 0.025 0.023 0.022 
Cleveland 5.0 130 45.0 0.041 0.037 0.033 
Cleveland 7.0 Del 45.0 0.033 0.029 0.025 
Edneytown 5.0 1.0 20.0 0.027 0.024 0.022 
Edneytown 7.0 Zod 20.0 0.021 OsOLS 050.017 
Edneytown 5.0 1.0 40.0 05035 920.030 02025 
Edneytown aw eel 40.0 0.030 0.025 0.020 
Edneyville 5.0 1.0 20.0 0.027 0.024 0..022 
Edneyville 7.0 Zak 20.0 0.021 0.018 Os0187, 
Edneyville 5.0 1.0 40.0 05035 0.030 02025 
Edneyville 7.0 Zak 40.0 0.030 0.025 0.020 
Sylco 4.0 O25 25.0 0.024 0.023 02023 
Sylco 5.0 1.0 25.0 05022 0.022 0.021 
Sylco 4.0 035 45.0 0.025 0.024 05025 
Sylco - 5.0 1.0 45.0 0.024 Oe023 0.022 
Tusquitee Bei) 1.0 15.0. 0.019 0.014 Os OisZ 
Tusquitee 7.0 2.1 15.0 0.016 0.011 0.009 
Tusquitee 5.0 thes @: 3D. 0 0.039 0.028 0.016 
Tusquitee 730 Darsak J5'00 0.036 0.025 0.013 


Table 4-19 


Runoff model predictions for sulfometuron methyl 


Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) CINS..) CA) Buffer: O m 10 m 20 m 
Astatula 4.8 0.0 SEI) 0.000 0.000 0.000 
Astatula 6.0 0.0 360 0.000 0.000 0.000 
Atmore Deo Ze 2.0 0.006 0.006 0.006 
Atmore ifs 4.0 20 0.004 0.004 0.004 
Benndale 4.8 0.9 Die OU 0.004 0.003 0.003 
Benndale 6.3 ie 5.0 0.003 0.003 0.003 
Benndale 4.8 0.9 10.0 0.004 0.004 0.003 
Benndale O53 ise 7 TOO 0.004 0.003 0.003 
Providence 4.8 14,9 8.0 0.004 0.003 0.003 
Providence 6.3 3.0 8.0 0.003 0.003 0.003 
Providence 4.8 eo 20.0 0.006 0.005 0.003 
Providence 6.3 3.0 20.0 0.006 0.004 0.003 
Smithdale 4.8 0.9 Ee) 0.005 0.004 0.003 
Smithdale 6.3 eh 15.0 0.004 0.003 0.003 
Smithdale 4.8 0.9 30.0 0.009 0.006 0.004 
Smithdale ey) he 30.0 0.008 0.006 0.003 
Pacolet S53) Oso 10.0 0.008 0.008 0.007 
Pacolet 5.0 1.0 10.0 0.008 0.007 0.007 
Pacolet Bec 0.5 25.0 0.010 0.009 0.007 
Pacolet Dal) TS) aS) 0.010 0.008 0.007 
Cleveland 50 10 20.0 0.009 0.008 0.007 
Cleveland 1!) Dok 20.0 0.007 0.006 0.005 
Cleveland a. 0 1.0 45n10 0.014 0.012 0.009 
Cleveland 0) 2 45.0 0.013 0.010) S0s007 
Edneytown 5.0 1.0 20.0 0.007 0.005 0.004 
Edneytown 7.0 2.1 20.0 0.006 0.004 0.003 
Edneytown 5.0 1.0 40.0 0.012 0.009 0.006 
Edneytown 7.0 Ash 40.0 0.011 0.008 0.005 
Edneyville 500 le'O 20.0 0.007 0.005 0.004 
Edneyville 7.0 Died. 200 0.006 0.004 0.003 
Edneyville 5-0 1.0 40.0 0.°01.2 0.009 0.006 
Edneyville 7.0 264 40.0 0.011 0.008 0.005 
Sylco 4.0 O63 260 0.005 0.005 0.004 
Sylco a0 1.0 2520 0.005 0.004 0.004 
Sylco 4.0 0.5 45.0 0.006 0.005 0.005 
Sylco 520 1,0 45.0 0.005 0.005 0.004 
Tusquitee 5.0 150 15.0 0.005 0.003 0.002 
Tusquitee 74.0 Lol. 15.0 0.005 0.003 0.001 
Tusquitee 50 Le 35%0 0.014 0.009 0.004 
Tusquitee 7.0 Zeal 35.0 0.014 0.009 0.003 


nent 
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Table 4-20 


Runoff model predictions for tebuthiuron 





Rain Runoff Slope Concentration In Pond (ppm) 

(INS.) (INS. ) GA) Buffer: O m 10 m 20 m 
Astatula 4.8 0.0 360 0.000 0.000 0.000 
Astatula 6.3 0.0 50) 0.007 0.001 0.000 
Atmore Dab an PHA) OF055 O02 0.052 
Atmore TS) 4.0 LG) 0.041 0.039 0.038 
Benndale 4.8 0.9 360 0.034 0.026 O25 
Benndale 6.8 ier Sey) 0.029 0.021 0.020 
Benndale 4.8 0.9 1050 0.047 C703) 0.025 
Benndale Os5 NEST LO30 0.042 0.026 0.020 
Providence 4.8 Thee, 8.0 0.043 0.028 0.025 
Providence 6.3 SnQ) 8.0 0.039 05023 0.019 
Providence 4.8 lise 20.0 0.100 0.057 0.025 
Providence 6.3 Sat) 20.0 0.103 0.055 0.019 
Smithdale 4.8 0.9 sew) 0.070 0.041 0.025 
Smithdale 623 ed, 1S Rw) 0.065 0.036 0.020 
Smithdale 4.8 0.9 30.0 0.164 0.100 0.036 
Smithdale O63 1.7 3050) 0.158 0.095 02032 
Pacolet State! On: LOSO 0.089 0.074 0.069 
Pacolet 520) Lou 10.0 0.086 0.070 0.065 
Pacolet 3.8 O2o Ze O2155 Ont 0.069 
Pacolet 5.0 1.0 jaye |W) Oe155 0.109 0.065 
Cleveland Dio) 1.0 20720 OFt27 0.092 0.065 
Cleveland Tt) Zot 20.0 DCL L 0.075 0.048 
Cleveland eye] Rei) 45.0 0.298 Oaeis 0.132 
Cleveland Ph) Ziel 45.0 0.282 0.199 0.116 
Edneytown 5.0 1.0 20.0 07099) 0.063 0.035 
Edneytown 70 Ze 20.0 0.090 0.054 0.026 
Edneytown 50 1.0 40.0 Oezs2. 0.157 0.081 
Edneytown 7.0 2-1 40.0 O2224 0.1489 05.072 
Edneyville 5.0 Le, 20.0 0.099 0.063 02035 
Edneyville 20 Phe 2050 0.090 0.054 0.026 
Edneyville 5.0 0 40.0 O22 0.157 0.081 
Edneyville 7.0 Zoi. 40.0 0.224 0.148 0.072 
Sylco 4.0 Oco Pas 0.049 0.042 0.034 
Sylco Bt) a 30 25.0 0.047 0.039 0.032 
Sylco 4.0 Oso 45.0 0.071 0.058 0.045 
Sylco 5.0 1.0 45510 0.069 0.056 0.043 
Tusquitee Se) 10 15.0 0.088 0.040 05013 
Tusquitee 70 en LoeU 0.085 0.036 0.010 
Tusquitee aye 8) ee 35.0 0.308 0.185 0.062 
Tusquitee 7.0 Z oil. 35.0 0.306 0.182 0.059 


eS 
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Table 4-21 


Runoff model predictions for triclopyr 


Rain Runoff Slope Concentration In Pond (ppm) 

(INS. ) (INS. ) GAs) Buffer: Om 10 m 20 m 
Astatula 4.8 0.0 360 0.000 0.000 0.000 
Astatula Oe 0.0 3.0 0.009 0.001 0.001 
Atmore Sh» 2.4 2.0 0.099 0.096 0.096 
Atmore VES 4.0 2.0 0.074 0.070 0.070 
Benndale 4.8 0.9 Deu 0.058 0.049 0.048 
Benndale 623 ey! Deo 0.049 0.040 0.039 
Benndale 4.8 0.9 TOSO 0.074 0.055 0.048 
Benndale Oe et 10.0 0.065 0.045 0.039 
Providence 4.8 19 8.0 0.069 03052 0.048 
Providence Ore 320 8.0 0.061 0.041 0.036 
Providence 4.8 Neat ZOe0 0.138 0.086 0.048 
Providence 6.3 3.0 20.0 0.138 0.080 0.036 
Smithdale 4.8 0.9 ESO OS102 0.067 0.048 
Smithdale O25 ey i5<0 0.092 0.057 0.039 
Smithdale 4.8 0.9 30.0 0.214 OW135 0.062 
Smithdale 623 Peed, 30.0 0.204 0.128 0.052 
Pacolet 328 0.5 10.0 Oola/ 0.130 0.124 
Pacolet D0 Theal@) L030 0.140 Oei22 0.116 
Pacolet Bao eo (SALW) OC222 Os172 Oor24 
Pacolet Die 0 et) 2520 0.218 0.166 0.116 
Cleveland 5.0 ihe 6) 20.0 Ons 7 Oeay OSakEG 
Cleveland red) RS) 20.0 On 7 Ovl17 0.086 
Cleveland 560 10 45.0 02379 0.286 0.193 
Cleveland 70 Feo 45.0 0.350 0.256 0.163 
Edneytown 5.0 1.0 20.0 0.142 0.099 0.067 
Edneytown 7.0 Zok 20.0 O25 0.082 0.050 
Edneytown 5.0 tie) 40.0 0.298 0.209 OonZzi 
Edneytown 7.0 De 40.0 0.282 02193 0.104 
Edneyville 550 1.0 20.0 Owls2 0.099 0.067 
Edneyville 7.0 wl 20.0 0.125 0.082 0.050 
Edneyville Dad Lis0 40.0 0.298 0.209 Ost22 
Edneyville FeO real 40.0 0.282 0.193 0.104 
Sylco 4.0 OFS 2080 0.083 0.074 0.065 
Sylco 320 120 2560 0.078 0.069 0.061 
Sylco 4.0 O25 45.0 0.109 0.093 0.078 
Sylco BAY) ikea) 45.0 0.105 0.089 0.074 
Tusquitee 5.0 1.0 15.0 0.117 0.058 0.026 
Tusquitee 7.0 Za 15.0 0.111 0.0525590.029 
Tusquitee 5-0 1.0 35.0 0.386 0.235 0.085 
Tusquitee 7.0 oe 35.0 0-380 0.230, 805079 


nee 
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metabolites) in a second-order perennial stream below the treated watersheds 
did not exceed 0.044 ppm. Mayeux et al. (1984) measured maximum picloram 
concentrations of 0.048 and 0.25 ppm in runoff from a treated area during 2 
successive years. Several other picloram runoff studies reviewed by 
Mullison (undated) have shown that concentrations can reach several ppm in 
runoff water if rainfall occurs soon after application. However, picloram 
concentrations decline rapidly with distance from the source, and with time 
after treatment. Concentrations in runoff from forested watersheds are 
often low (less than 0.01 ppm) or undetectable (for example, Neary et al., 
1985). Measurements of sulfometuron methyl runoff from forest watersheds 
in Florida and Mississippi also showed measurable concentrations only close 
to the treatment sites when rainfall occured soon after application 
(Michael and Neary, 1987). At the Florida site with a small streamside 
Management zone (<5 m), concentrations were less than 0.007 ppm. At the 


Mississippi site with a larger streamside management zone, concentrations 
peaked at 0.044 ppm. 


Herbicide Exposures From Brown-and-Burn Operations 


In Region 8, approximately 3,850 ha (9,500 ac) per year are typically 
treated with herbicides, followed by a prescribed burn (brown-and-burn); 
the maximum area treated and subsequently burned in a year is less than 
6,720 ha (16,600 ac). Exposures to herbicide residues released from 
burning treated vegetation were estimated for workers onsite. Usually, in 
brown-and-burn operations, the vegetation at a selected site is burned 45 
to 180 days after treatment with a selected herbicide. The time between 
application and burning varies with the herbicide used and the method of 
application. The minimum time between herbicide application and a 
prescribed burn is 30 days. 


In order to model exposure to herbicide residues from brown-and-burn 
operations, the following assumptions were used: 


eeetnerce are 44,500 kg. (98,000 1b). of fuel. per ha (2.5 ac), and 
40 percent (17,800 kg) of it is burned (Anderson, 1982). 


(2) Smoke density is 30 mg/m? at 100 m (328 ft) (USDA Forest Service, 
1976). 


(3) 50 g (0.11 1b) of smoke are produced for each kg (2.2 1b) of fuel 
burned (USDA Forest Service, 1976). 


(4) All herbicide residue remaining on a treated site is released to the 
atmosphere at the time of burning. 


Based on the above assumptions, the estimated volume of smoke produced is: 
(50,000 mg/kg) * (1 m3/5mg) * 17,800 kg/ha = 30,000,000 m3/ha. 


The minimum and typical time intervals between herbicide application and 
burning for herbicides used in brown-and-burn operations in Region 8 are 
given in table 4-22. Degradation rates (k) of the herbicides on vegetation 
were used to estimate the fraction of applied herbicide remaining at the 
time of burning (see table 4-23). A degradation rate was not available for 
limonene; therefore, a k of 0.0 was used to avoid underestimating exposures. 
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Table 4-22 


The number of days between herbicide treatment and prescribed burning 
(range is for all methods of application) 


I eae A i ee ak ee Se ce se NEN Bir i Ee eh = Re a hd ee 


Herbicide Minimum Typical 


adocenssscseacsien decals msc my setae enon nan pst i tcc pce a sa a eg at nent a A AAAS AT a a eae 


2,4-D amine 30 60 - 165 
2,4-D ester 30 <45 

2;4-DP 30 45 - 60 
Glyphosate 30 70:4=52080 
Hexazinone 30 45 - 119 
Imazapyr 30 50 - 100 
Limonene 30 45 - 180 
Picloram 30 60 - 171 
Sulfometuron methyl 30 656-4 bus 
Triclopyr amine | 30 60 - 100 
Triclopyr ester 30 60 - 180 


i 


8Dicamba, fosamine, light fuel oil, and tebuthiuron and are not used in 
brown and burn operations. 


Table 4-23 


Degradation rates (k) for herbicides on vegetation 


Herbicide kb Source 

2,4-D amine 0.0431 USDA, 1984 

2,4-D ester 0.0431 USDA, 1984 

2;4-DP 0.0431 USDA, 1984 

Glyphosate 0.0495 Newton and Dost, 1981 
Hexazinone 0.0584 USDA, 1984 

Imazapyr 0.0266 Michael, 1986 
Limonene No data 

Picloram 0.0693 Bovey et al., 1967 
Sulfometuron methyl CeO sey, Michael and Neary, 1987 
Triclopyr amine 0.022 Newton et al., 1982 
Triclopyr ester 0.0040 Newton et al., 1982 


aDicamba, fosamine, light fuel oil, and tebuthiuron and are not used in 
brown and burn operations. 
bk = fraction of remaining herbicide residue that is degraded per day. 
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Maximum potential exposures were calculated assuming a wildfire occurred in 
an area the day of herbicide treatment. The exposures were calculated in 
the same way as the exposures for the minimum and typical time intervals. 
It was assumed no herbicide degradation occurred. 


An example calculation follows for determining the concentration in smoke 
of an herbicide; in this case hexazinone typical-aerial: 


e Convert the application rate in lb/acre to mg/ha: 
1.7 lb/ac * (4.54 x 10° mg/1b) * (2.5 ac/ha) = 1,900,000 mg/ha 


e Determine the fraction of initial herbicide residue remaining at the 
time of burning. The degradation rate k = 0.0584 (table 4-22) and 
t = 50 days: 


Fraction = e7Kt = e —(0-0584 * 50) = 9.054 


e The residue released at the time of burning is: 
1,900,000 mg/ha x 0.054 = 100,000 mg/ha 


e Using the estimated volume of smoke produced per ha, the 
concentration in the smoke is: 


(100,000 mg/ha) / (30,000,000 m3/ha) = 0.0033 mg/m3 


Worker Exposure and Dose Estimation 


Doses for each worker category were estimated by extrapolating from the 
average dose levels found in field studies of workers exposed to 2,4-D 
using the same or a similar application method. Field studies of the 
exposures and resultant doses of workers using a variety of application 
equipment have been conducted on 2,4-D by Lavy et al. (1982, 1984), Nash et 
al. (1982), and Franklin et al. (1982). Doses for each worker category 
found in the studies are listed in table 4-24. 


Lavy et al. (1982) monitored three helicopter spray crews for worker 
exposure to 2,4-D, using portable air filters, denim patches, and urine 
analysis on two separate spraying dates; the first observing normal 
precautions, the second using special protective clothing and procedures. 
Nash et al. (1982) monitored exposure of workers to 2,4-D during aerial 
spraying in Washington and ground spraying in North Dakota under normal 
spray conditions (that is, without special precautions). Lavy et al. 
(1984) investigated herbicide exposure to four spraying crews of 20 workers 
each, monitoring urine levels over two 5-day periods. Franklin et al. 
(1982) estimated worker exposure in pasture brush clearing operations in 
Saskatchewan using techniques similar to Lavy and coworkers. Urine samples 
were collected from personnel who conducted operations on 3 of 4 
consecutive days. 


The following steps were involved in estimating the worker doses from the 
field study data: 
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(1) The average dose observed in the 2,4-D field study is expressed in 
terms of dose per mass of active ingredient applied. 


(2) The amount of active ingredient expected to be applied in the typical 
case was estimated by multiplying the herbicide's typical application 
rate by the typical aréa treated per day (from table 4-3). 


(3) The amount of active ingredient expected to be applied in the maximum 
case was estimated by multiplying the herbicides's maximum application 
rate by the maximum area treated per day. In some cases, the maximum 
area treated at one time (table 4-3) is more than would normally be 
treated on a single day, so a smaller area was assumed to be treated 
per day. 


(4) The herbicide-specific dose was estimated by multiplying the amount of 
herbicide applied by the dose of 2,4-D per unit of 2,4-D applied for 
that worker category in the field studies and then adjusting for the 
herbicide's dermal penetration rate. 


(5) Typical exposures were adjusted if protective clothing is required by 
the label. The adjustment factors are discussed in section 5. 
Maximum exposures assume no protective clothing is worn, although this 
violates label warnings and restrictions. 


Doses to workers applying concentrated solutions using hand application 
methods were estimated based on the hack-and-squirt method studied by 
Lavy. In these cases, the amount of active ingredient applied was not 
calculated on an area basis, but it was assumed to be proportional to the 
hours worked and the concentration of the herbicide formulation. This 
calculation was used for cut surface, basal bark/stem, and basal soil or 
soil spot treatments. 


The methods used here for worker exposure estimation are likely to 
overestimate exposure in many cases. For example, the techniques used in 
Region 8 for basal soil, soil spot, and basal bark/stem applications 
probably involve significantly less contact with the herbicide solution 
than was the case in the Lavy field study. Also, the backpack sprayers in 
the Lavy study were treating vegetation that is much taller and more dense 
than typically treated in Region 8. However, because no field studies have 
been identified using methods equivalent to those used by the Forest 
Service in Region 8, a conservative approach has been taken to avoid 
underestimating risks. 


It should also be noted that during the field exposure studies, many of the 
less severe types of accidents occurred that could be termed operational 
errorse For example, pilots handled the transfer hoses and helped with the 
mixing and loading operations and, in one instance when a pump broke down, 
transferred spray mix by bucket to the spray tank. In both of these cases, 
these individuals received higher doses during that day's work than they 
would have otherwise. Nevertheless, their doses were used in deriving the 
average worker doses for that field study. 


Estimation of Doses to Workers and the Public From Accidents 


The following scenarios were used to estimate the maximum realistic doses 
that would result from exposure to high amounts of herbicide in accidents. 


(1) Accidental Spraying. Members of the public are accidentally sprayed 
with herbicide because they are beneath a spray aircraft or too close 


to a truck or backpack applicator. (This dose would also apply to 
workers. ) 


(2) Spills. (a) Members of the public receive herbicide exposure via 
drinking water when a load of herbicide mixture is spilled or when a 
container of herbicide concentrate breaks open and spills into a 
drinking water supply. (b) Workers spill concentrate on their skin 


during mixing or loading operations or are doused when a transfer hose 
breaks. 


Accidental dermal cases were derived from modeling the dermal penetration 
of herbicide concentrate for direct exposures. Accidental ingestion doses 
were estimated by modeling the dilution of herbicide concentrate or mixture 
in a body of water of a given size. 


To calculate the dose to a person directly sprayed at the full per-acre 
application rate, the maximum application rates were converted to mg /m2. 
It was assumed that 0.186 m2 of a person's skin is exposed. 


An individual receives an accidental ingestion exposure resulting from a 
major spill by drinking water from a pond or a reservoir that has been 
contaminated by a dump of 379 1 of herbicide mix as from a helicopter. 

This amount is approximately the largest load that can be carried by the 
types of helicopters to be used by the Forest Service. The pond is assumed 
to be 0.405 ha in area and 1.2 m deep, and to have no inflow or outflow. 
The reservoir is assumed to be 6.48 ha in area and 2.44 m deep. A person 
is assumed to drink 1 liter of water after complete mixing has occurred. 


Direct dermal exposures were calculated for spills of 0.5 1 of herbicide 
concentrate (if liquid concentrates are used). The person exposed during 
the spill is assumed to weigh 50 kg, and most of his surface area (0.8 

m2) is thoroughly wetted by the solution. Denim fabric commonly used in 
clothing retains about 57.5 ml of solution per square foot (Weeks, 1985), 
and adsorption of herbicide through the cloth was calculated as before, 
based on Newton and Norris (1981). However, 20 percent of the solution was 
assumed to soak bare skin. A spill resulting in this exposure could result 
from broken hoses or spilled containers. 


Effect of Body Size on Exposure 


All doses estimated in the exposure analysis were calculated for a represen- 
tative 50-kg person. This weight was chosen to represent an adult of less 
than average weight, so that doses to adults would be calculated in a con- 
servative manner. Doses for a larger person would be less in terms of mg 
per kg body weight. For example, a 70-kg person would receive approximately 
25 percent more herbicide than a 50-kg person by dermal exposure because of 
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his greater surface area. A 70-kg person would also receive on average 
about 25 percent more herbicide by dietary exposure routes because both 
body surface area and metabolism are approximately proportional to body 
weight raised to the 2/3 power: 


70)2/3 _ 
40/3 1.25 


However, a 70-kg person also has a body weight greater than a 50-kg person, 
by a greater factor: 


70 
50 = 4 

The combined effect of these two factors is that a /0-kg person will receive 
a dose in mg/kg that is only 89 percent as great as for a 50-kg person. 


Conversely, smaller people can be expected to receive greater doses in terms 
of mg per kg body weight. A 20-kg child will receive only about 54 percent 
as much herbicide as a 50-kg person, but his weight is only 40 percent as 
great. The net effect is that a 20-kg child will receive a dose that is 

36 percent greater in terms of mg/kg than it would be for a 50-kg person. 


Estimation of Lifetime Doses to Workers and the Public 


Doses used in the cancer risk analysis for 2,4-D, 2,4-DP, picloran, 
glyphosate, and light fuel oil (discussed in section 5) were derived by 
combining the available information on the number of days per year an 
individual worker may use an herbicide with a particular application method 
and estimates of the expected daily dose and the number of years of 
employment. The number of years of employment was taken to be 20 in all 
cases. The doses were calculated assuming that the maximum application 
rates and acreage were encountered 1 year in 10, and typical rates and 
acreage 9 years in 10. 


Lifetime exposures to the public were calculated assuming 10 typical or 10 
maximum exposures. 


REPRESENTATIVE EXPOSURES 
The representative exposures are presented in tables 4-25 through 4-40 for 


each of the chemicals. These exposures will be used for calculation of 
margins of safety, which are presented in section 5. 
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Table 4-25 


2,4-D amine exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
’ Dermal 
Drift 0.00012 0.00028 
Onsite 0.00090 0.00144 
Dietary 
Water 0.00006 0.00014 
Fish 0.00001 0.00003 
Meat 0.00004 0.00568 
Vegetable 0.00048 0.00107 
Berry Picking 0.00040 0.04659 
Workers 
Mechanical Ground 
Applicator 0.00535 0.06857 
Mixer /Loader O,01273 0.06985 
App1/Mix/Load 0.01254 0.09639 
Manual Ground 
Backpack 0.06173 0.44514 
Cut Surface 0.02523 0707933 
Accidents 
Spill Onto Worker 136.8000 
Accidental Spray OF 1001 


Spills Into Water 


Ground--18.9 1 Into Pond 0.0350 
Air--379 1 Into Reservoir - -- 
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Table 4-26 


2,4-D ester exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Drift 0.00019 0.00049 
Onsite 0.00144 0.00251 
Dietary 
Water 0.00010 0.00025 
Fish 0.00002 0.00005 
Meat 0.00007 0.00994 
Vegetable 0.00077 0.00187 
Berry Picking 0.00064 0.08154 
Workers 
Mechanical Ground 
Applicator 0.00642 0.09600 
Mixer/Loader 0.01528 0.09778 
App1/Mix/Load Oo01505 0.13494 
Manual Ground 
Backpack 0.06173 0.59351 
Basal Stem 0.00984 0202320 
Accidents 
Spill Onto Worker 136. 8000 
Accidental Spray Ol eZ 


Spills Into Water 


Ground--18.9 1 Into Pond 020350 
Air--379 1 Into Reservoir oie me 








Taple.4—-2)/ 


2,4-DP exposures 


Category 


Public 
Dermal 
Dri ft 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 

Mechanical Ground 
Applicator 
Mixer/Loader 
App1/Mix/Load 

Manual Ground 
Backpack 
Basal Stem 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air---379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day) 
0.00000 0.00001 
0.00002 0.00004 
0.00010 0.00022 
0.00002 0.00004 
0.00006 OS00 Ty, 
0.00077 0.00160 
0.00064 0.06989 
0.00014 OS 00TS7 
0.00034 0.00140 
0.00033 0.00193 
0.00051 0.00742 
0.00016 0.00063 
2.2200 
0.0025 
0.0341 





Table 4-28 


Dicamba exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Dea tc 0.00011 0.00024 
Onsite 0.00083 0.00125 
Dietary 
Water 0.00005 0.00011 
Fish 0.00001 0.00002 
Meat 0.00003 0.00437 
Vegetable 0.00039 0.00080 
Berry Picking 0.00032 0.03494 
Workers 
Mechanical Ground 
Applicator 0.00496 0.05966 
Mixer /Loader 0.01181 0.06077 
App1/Mix/Load 0.01164 0.08386 
Manual Ground 
Cut Surface 0.00770 0.03027 
Accidents 
Spill Onto Worker 41.7600 
Accidental Spray O20S 7) 


Spills Into Water 


Ground--18.9 1 Into Pond 0..0092 
Air--379 1 Into Reservoir ---- 


Table 4-29 


Diesel exposures 





Exposure 
Typical Maximum 
Category (mg/kg/day) 
Pubic 
Dermal 
Deon 0.00039 0.00101 
Onsite 0.00299 0.00524 
Dietary 
Water 0.00005 0.00013 
Fish 0.00005 0.00013 
Meat 0.00004 O20075% 
Vegetable 0.00039 0.00093 
Berry Picking 0.00032 0.04077 
Workers 
Aerial 
Pilot 0.00395 0.04719 
Mixer/Loader 0.00984 0.06750 
Observer 0.00013 O200E53 
Mechanical Ground 
Applicator 0.02674 0.25000 
Mixer/Loader 0.06365 0.25465 
Appl /Mix/Load 0.06271 0.35141 
Manual Ground 
Basal Stem 0.07336 0.23068 
Accidents 
Spill Onto Worker 1020.0000 
Accidental Spray 0.1564 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0626 
Air--379 1 Into Reservoir 0.0009 





Table 4-30 


Fosamine exposures 





Category 


Public 
Dermal 
Drift 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 
Mechanical Ground 
Applicator 
Mixer/Loader 
App1/Mix/Load 
Manual Ground 
Backpack 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 
Ground--18.9 1 Into Pond 
Air -379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day) 
0.00061 0.00139 
0.00464 0.00718 
0.00020 0.00043 
0.00004 0.00009 
0.00013 0.01886 
0.00150 0.00320 
0.00124 0.13978 
0.00691 0.34286 
0.01644 0.34923 
0.01620 0.48193 
0620575 1.97838 
240.0000 

0.5005 
0.0368 








Table 4-31 


Glyphosate exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Drerre 0.00012 0.00046 
Onsite 0.00090 0.00239 
Dietary 
Water 0.00004 0.00014 
Fish 0.00001 0.00003 
Meat 0.00003 0.00629 
Vegetable 0.00029 0.00107 
Berry Picking 0.00024 0.04659 
Workers 
Aerial 
Poe Oo, 00237 0.08053 
Mixer/Loader 0.00590 Os11520 
Observer 0.00008 0.00261 
Mechanical Ground 
Applicator 0.00401 0.45714 
Mixer/Loader 0.00955 0.46564 
Appl /Mix/Load 0.00941 0.64257 
Manual Ground 
Backpack 0.05144 0.98919 
Cut Surface 0.03319 0.10438 
Accidents 
Spill Onto Worker 180.0000 
Accidental Spray 0.1668 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0276 
Air--379 1 Into Reservoir 0.0023 





Table 4-32 


Hexazinone exposures 


Category 


Public 
Dermal 
Drirt 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 

Mechanical Ground 
Applicator 
Mixer/Loader 
Appl /Mix/Load 

Manual Ground 
Backpack 
Soil Spot 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air--379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day ) 
0.00013 0.00069 
0.00102 0.00359 
0.00004 0.00022 
0.00002 0.00009 
0.00003 0.00943 
0.00033 0.00160 
0.00027 0.06989 
0.00833 0.85714 
0.01984 0.87308 
0.01954 1.20482 
0.01029 0.98919 
0.01106 0.03479 
120.0000 

0.2503 
0.0184 


Table 4-33 


Imazapyr exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Drift 0.00006 0.00017 
Onsite 0.00045 0.00090 
Dietary 
Water 0.00002 0.00005 
Fish 0.00000 0.00001 
Meat 0.00001 0.00236 
Vegetable 0.00014 0.00040 
Berry Picking 0.00012 0.01747 
Workers 
Aerial 
Pilot 0.00237 0.03020 
Mixer/Loader 0.00590 0.04320 
Observer 0.00008 0.00098 
Mechanical Ground 
Applicator 0.00368 0.21429 
Mixer/Loader 0.00875 0.21627 
App1/Mix/Load 0.00862 0.30120 
Manual Ground 
Backpack 0.05144 0.49459 
Cut Surface O202213 0.06089 
Accidents 
Spill Onto Worker 120.0000 
Accidental Spray 0.0626 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0184 
Air--379 1 Into Reservoir 0.0009 





Table 4-34 


Kerosene exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Pu bide 
Dermal 
Dette 0.00044 0.00131 
Onsite 0.00340 0.00679 
Dietary 
Water 0.00006 0.00016 
Fish 0.00006 0.00016 
Meat 0.00004 0.00974 
Vegetable 0.00044 0.00121 
Berry Picking 0.00036 0.05288 
Workers 
Aerial 
Pilot 0.01496 0522851 
Mixer/Loader Oe s7 23 0.32688 
Observer 0.00049 0.00742 
Mechanical Ground 
Applicator O20 2529 Pel WMO ES) 
Mixer/Loader 0.06020 2.06446 
App1/Mix/Load 0.05931 2.84890 
Manual Ground 
Backpack 0.07304 1.05101 
Basal Stem 0.02449 0.07701 
Accidents 
Spill Onto Worker 340. 5000 
Accidental Spray 0.4734 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0209 
Air--3i9e ls Into Reservoisg 0.0026 





Table 4—35 


Limonene exposures 


Category 


Public 
Dermal 
Drirnt 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 

Aerial 
PULOL 
Mixer/Loader 
Observer 

Mechanical Ground 
Applicator 
Mixer/Loader 
App1/Mix/Load 

Manual Ground 
Backpack 
Basal Stem 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air -379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day) 
0.00007 0.00042 
0.00054 0, 00215 
0.00002 0.00013 
0.00000 0.00003 
0.00002 0.00566 
0.00017 0.00096 
0.00014 0.04193 
0.00285 0.03624 
0.00709 0.05184 
0.00009 0.00118 
0.00401 0.64286 
0.00955 0.65481 
0.00941 0.90361 
0.04629 0.44514 
0.03107 0.09770 

432.0000 
02.075). 
0.0663 
0.0010 


Table 4-36 


Picloram exposures 


Category 


Public 
Dermal 
Drain 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 

Mechanical Ground 
Applicator 
Mixer/Loader 
App1/Mix/Load 

Manual Ground 
Backpack 
Cut Surface 


Accidents 


Spill Onto Worker 


Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air--379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day ) 
0.00000 0.00000 
0.90001 0.00002 
0.00002 0.00005 
0.00000 0.00001 
0.00001 0.00168 
0.00014 0.00037 
0.00011 0.01631 
0.00004 0.00072 
0.00011 0.00073 
0.00011 0.00101 
0.00037 0.00223 
0.00006 0.00021 
0.2916 
0.0017 
0.0025 
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Table 4-37 


Sulfometuron methyl exposures 


Category 


Public 
Dermal 
DrtEee 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 
Mechanical Ground 
Applicator 
Mixer/Loader 
Appl /Mix/Load 
Manual Ground 
Backpack 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air--379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day) 
0.00001 0.00004 
0.00010 0.00022 
0.00000 0.00001 
0.00000 0.00000 
0.00000 0.00058 
0.00003 0.00010 
0.00003 0.00431 
0.00050 0.00846 
Os00119 0.00861 
0.00117 0.01189 
0.00309 0.06182 
210.0000 

0.0154 
ORO 322 


Table 4-38 


Tebuthiuron exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Dreitt 0.00001 0.00018 
Onsite 0.00060 0.00359 
Dietary 
Water 0.00001 0.00009 
Fish 0.00002 0.00019 
Meat 0.00001 0.00943 
Vegetable 0.00005 0.00052 
Berry Picking 0.00006 0.06989 
Workers 
Aerial 
Pitot 0.00633 0.12080 
Mixer/Loader QO. 01575 O17 280 
Observer 0.00021 0.00392 
Mechanical Ground 
Applicator 0.00357 Oo 
Mixer/Loader 0.00849 0.17462 
App1/Mix/Load 0.00836 0.24096 
Manual Ground 
Accidents 
Spill Onto Worker er 
Accidental Spray 0.2503 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0736 
Air——379) 1 Into Reservoir 0.0035 
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Table 4-39 


Triclopyr amine exposures 


Category 


Public 
Dermal 
Drift 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry Picking 


Workers 

Mechanical Ground 
Applicator 
Mixer/Loader 
App1/Mix/Load 

Manual Ground 
Backpack 
Cut Surface 


Accidents 
Spill Onto Worker 
Accidental Spray 
Spills Into Water 


Ground--18.9 1 Into Pond 
Air--379 1 Into Reservoir 


Exposure 
Typical Maximum 
(mg/kg/day) 
0.00031 0.00093 
0.00239 0.00479 
0.00010 0.00029 
0.00002 0.00006 
0.00007 0201253 
0.00077 0.00214 
0.00064 0.09318 
0.03566 1.14286 
0.08486 1.16410 
0.08361 1.60643 
0.07201 0.49459 
0.02766 0.11743 
180.0000 

OE SINS 
0.0276 
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Table 4-40 


Triclopyr ester exposures 


Exposure 
Typical Maximum 
Category (mg/kg/day) 
Public 
Dermal 
Drift 0.00031 0.00093 
Onsite 0.00239 0.00479 
Dietary 
Water 0.00010 0.00029 
Fish 0.00002 0.00006 
Meat 0.00007 0.01258 
Vegetable 0.00077 0.00214 
Berry Picking 0.00064 0.09318 
Workers 
Aerial 
Pilot 0.01054 0.16107 
Mixer/Loader 0.02624 0.23040 
Observer 0.00034 0.00523 
Mechanical Ground 
Applicator 0.01783 1.42857 
Mixer/Loader 0.04243 1.45513 
App1/Mix/Load 0.04181 2.00803 
Manual Ground 
Backpack 0.05144 0.74189 
Basal Stem 0.01726 0.05428 
Accidents 
Spill Onto Worker 240.0000 
Accidental Spray Wyse: 
Spills Into Water 
Ground--18.9 1 Into Pond 0.0368 
Air--379 1 Into Reservoir 0.0046 





Section 5 
HUMAN HEALTH RISK ANALYSIS 


This section discusses the potential risks to the health of workers and 
members of the public from the Forest Service's proposed herbicide 
applications in Region 8 by comparing the exposure levels estimated in 
section 4 with the toxic effect levels described in section 3. The first 
subsection describes the methods used to evaluate human health risks. The 
second subsection summarizes results of the human health risk analysis. 
The third subsection evaluates the risks of threshold effects, which 
include acute toxic effects, chronic systemic effects, and reproductive 
(fetotoxic, maternal toxic, and teratogenic) effects, including any other 
effects on reproductive success. Public risks of effects from typical and 
maximum exposures from routine operations and from accidental exposures are 
considered first in this subsection. Risks from brown-and-burn operations 
also are discussed. In addition, the probability of occurrence of these 
various exposures are considered. Risks to workers from typical and 
maximum exposures and from accidents are discussed next. The subsection 
also contains a discussion of the influence of protective clothing on 
worker exposures. The fourth subsection evaluates the risks of the 
herbicides causing cancer and the fifth, the risk of the chemicals causing 
heritable mutations. The final subsection discusses the risks of 
synergistic effects, cumulative effects, and effects on sensitive 
individuals. All judgments about risk consider the possible exposure 
levels and the likelihood that the estimated exposures would actually occur. 


HOW RISKS TO WORKERS AND THE PUBLIC WERE DETERMINED 


In this analysis, the risks to humans exposed to the 11 herbicides and 3 
associated chemicals were quantified by comparing the doses estimated in 
the range of exposure scenarios presented in section 4 with the results of 
toxicity tests on laboratory animals described in section 3. In essence, 
the risks of threshold effects are quantified by dividing a laboratory NOEL 
by an estimated dose to produce a margin of safety (MOS). 


The Margin of Safety for Threshold Effects 


There are two basic approaches for extrapolating from laboratory animal 
NOEL's to the general human population: the acceptable daily intake (ADI) 
approach using specified "safety factors" and the margin of safety 
approach. Using the acceptable daily intake approach, safety factors based 
on the quality of the data are applied to the highest dose that produces no 
effects in animal studies for the estimation of acceptable human daily 
exposures (Thomas, 1986; Klaassen and Doull, 1980). (EPA currently uses 
the term Reference Dose, or RFD, when referring to the acceptable daily 
intake. ADI and RFD are synonymous.) An uncertainty factor of 10 has 
normally been used for estimating safe levels for humans when there are 
valid human studies available and no indication of carcinogenicity. An 
uncertainty factor of 100 has been used when there are few or no human 
studies available but there are valid long-term animal studies. When 
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toxicological data are limited, a factor of 1,000 or greater might be used 
to estimate acceptable human exposure. For example, EPA used a safety 
factor of 2,000 to set the ADI for dicamba because the results of a 
subchronic study were used. 


Safety factors and the "ADI approach" are used by Federal regulatory 
agencies, such as the Food and Drug Administration (FDA) and EPA, to set 
ADI's for chemicals that a broad segment of the general public are likely 
to be exposed to for an indeterminate period of time. Thus, the ADI is 
considered a lifetime safe dose for threshold toxic effects, based on the 
best available toxicity information on a particular chemical. The ADI is 
not anticipated to result in any adverse effects after chronic exposure to 
the general population of humans, including sensitive subgroups (Dourson 
and Stara, 1983). Cancer and heritable mutation effects are not dealt with 
in this way because they are not assumed to have a predictable threshold of 
reversible toxic effects. In brief, the ADI approach begins with a NOEL 
and safety factor to develop a safe dose estimate. 


The MOS approach, on the other hand, although it is based on the same 
concepts of a threshold of toxicity (approximated by animal NOEL's in 
long-term studies) and of the safety of a dose, begins with a NOEL and an 
estimated human dose to develop an index of risk--the margin of safety. 

This method differs from the ADI approach in several important ways. 

First, the MOS approach is not being used here to establish a regulatory 
standard safe level for the general public against which samples of 

possibly contaminated products, such as marketed vegetables or drinking 
water, would be tested. The MOS's computed here are NOEL:dose ratios that 
are direct comparisons of the doses estimated in this risk assessment with 
the NOEL's from animal studies. For example, an MOS of 100 means the NOEL 
is 100 times higher than the estimated dose. Although the MOS's correspond 
with the safety factors used to determine the ADI's, they are used for 
comparative purposes and are applicable only to this risk assessment. Also, 
a margin of safety does not always mean that the dose is safe. An MOS of 3, 
for example, represents a risk of toxic effects for repeated exposures. 


Second, the ADI, as a standard level for comparing tested samples, should 
remain relatively stable over the years, modified only if the results of 
further toxicity tests produce a new NOEL or make a change in the ADI 
safety factor appropriate. The margins of safety in this risk assessment, 
however, vary with the estimated doses in a particular exposure scenario. 
The MOS's are used to indicate the potential toxic effects of a proposed 
herbicide under differing conditions or routes of exposure or in comparison 
with alternative herbicides that may be used for the same purpose. 


The larger the margin of safety (the smaller the estimated human dose 
compared to the animal NOEL), the lower the risk to human health. As the 
estimated dose to humans approaches the animal NOEL (as the MOS approaches 
one), the risk to humans increases. When an estimated dose exceeds a NOEL 
(giving an MOS of less than one), the ratio is reversed (the dose is 
divided by the NOEL) to indicate how high the estimated dose is above the 
laboratory toxicity level; a minus sign is attached to indicate that the 
dose exceeded the NOEL; and the result is no longer termed a margin of 
safety but is called simply a negative ratio. 
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A ratio of -3, for example, means that the estimated dose is 3 times the 
NOEL. A negative ratio indicates that the estimated dose (given all the 
assumptions of the scenario) represents a clear risk of toxic effects for 
repeated doses and some possibility of acute effects for doses that are 
likely to occur only rarely. Comparing one-time or once-a-year doses (such 
as those that may be experienced by the public) to NOEL's derived from 
lifetime studies tends to overestimate the risk from those rare events. 


In general, for those chemicals with valid long-term toxicity studies, when 
repeated doses to humans approach the animal NOEL (the MOS is less than 
10), there is a clear possibility of harmful effects. When the MOS is less 
than 100, some members of the public, particularly sensitive individuals, 
may be at risk. Conversely, when the human dose is small compared with the 
animal NOEL (giving an MOS greater than 100), the risk to the general 
public can be judged negligible, including most sensitive individuals. 


For doses that are not likely to occur more than once, such as the dose a 
worker receives from spilling a half liter of spray mix over his entire 
upper body, an estimated dose that exceeds the laboratory test animal NOEL 
does not necessarily lead to the conclusion that there will be toxic 
effects. In fact, because all of the NOEL's used in this risk analysis are 
based on (or take into account) long-term exposure, the dose would likely 
have to far exceed the NOEL to cause toxic effects. Estimated doses of 
this kind that exceed the NOEL also are compared to the herbicide's acute 
oral LD59, so that a more realistic judgment can be made about the risk 

of acute toxic effects, including death. 


Systemic effects are evaluated based on the lowest systemic NOEL found in a 
2-year feeding study of dogs, rats, or mice. When only subchronic studies 
were available, or if subchronic studies reported effects at lower levels 
than chronic studies, the subchronic NOEL's were used (for example, for 
triclopyr. See section 3 for details). Reproductive effects are evaluated 
based on the lowest maternal or fetotoxic NOEL found in a three-generation 
reproductive study or the lowest teratogenic NOEL found in a teratology 
study. The lowest NOEL, either systemic or reproductive, for each chemical 
was used to compute the MOS's. LDs5g's and systemic and reproductive 

NOEL's used in the risk analysis are listed in table 5-l. 


Systemic NOEL's were not available for kerosene and diesel oil, so NOEL's 
were estimated as the LDs5g divided by 1,000. This factor of 1,000 is 
exceeded by only one of the other 12 chemicals studied. The factor is less 
than 400 for all of the other chemicals. Thus, although this is a source 
of uncertainty in the analysis, the NOEL's for diesel oil and kerosene were 
chosen in a manner that is intended to be conservative. 


Analysis of Nonthreshold Risks 


An analysis of cancer risk was conducted for the herbicides for which there 
are positive cancer studies, 2,4-D and 2,4-DP, and picloram; for the 
herbicide glyphosate for which there is scientific controversy about its 
ability to cause cancer; and for the petroleum distillates kerosene and 
diesel oil that contain the known carcinogenic compounds benzene and 
benzo-a-pyrene. The risk of cancer is calculated for an individual by 
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Table 5-1 


Toxicity reference values 








Systemic Reproductive 

Rat Oral LD59 NOEL NOEL Human Cancer 
Chemical ng /kg mg/kg/day mg /kg/day Potency8& 
2,4-D~ 375 i 5 0.0262 
2,4-DP 532 5 6.25 0.0648 
Dicamba 757 25 2.5 ---© 
Diesel 7,380 7: 3800 bee F751 0.0000049 
Fosamine 24,400 25 500 --— 
Glyphosate 4,320 31 10 0.000323 
Hexazinone 1,690 10 50 — 
Imazapyr 5 ,000° 500 300 a 
Kerasene 28,000° 28> ae 0.0000049 
Limonene 5,000 227 227 ---° 
Picloram 8,200 7 50 0.00296 
Sulfometuron methyl 5,000° 2d 25 Seer 
Tebuthiuron 644 ee 20 ---© 
Triclopyr@ 630 Ze Died ---c 


4Used for both amine and ester formulations. 

DNOEL used in risk analysis based on LDs59: NOEL = LDsq/1,000. 

©No oncogenic potential indicated in laboratory studies. 

dBased on diesel oil NOEL. 

€LD59 level is "greater than" indicated dose. 

Refers to various kinds of effects observed in studies of reproduction 
and development. See section 3 for details. 

SUpper 95 percent confidence limit, in units of per mg/kg/day. 


comparing estimates of lifetime dose over a /0-year period (computed in 
section 4), with cancer potency estimates derived in the Hazard Analysis 
section. The cancer potencies of these chemicals are listed in table 5-l. 


An analysis is conducted for those herbicides that have positive 
mutagenicity tests or those for which no data are available. The risk of 
these herbicides causing mutations is qualitative rather than quantitative, 
with a statement of the probable risk based on the available evidence of 
mutagenicity and carcinogenicity. 
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SUMMARY OF THE HUMAN HEALTH RISK ANALYSIS 


Comparison of estimated typical exposures with laboratory toxicity levels 
indicates that no member of the public, including sensitive individuals, 
should be affected by the herbicides or associated chemicals used for 
vegetation management in Region 8. The lowest MOS (table 5-2) is 700 for 
2,4-D systemic effects. All others are 1,000 or greater for both systemic 
and reproductive effects. 


Public MOS's from maximum exposures (table 5-2) are low for 2,4-D amine 
(21) and ester (12) and triclopyr amine (27) and ester (27) for systemic 
effects. The MOS is also less than 100 for 2,4-DP systemic effects. The 
public may experience some toxic effects from these maximum exposures, but 
the effects should be short-lived and reversible. Triclopyr amine and 
ester also present a risk of reproductive effects. 2,4-D ester, 2,4-DP, 
and dicamba present somewhat lower reproductive effects risks. It is 
extremely unlikely that these effects would be experienced because the 
public is not likely to be exposed to these maximum doses more than a very 
limited number of times in their lifetime (table 5-3), if they are exposed 
at all. The public is at some risk from accidents for 10 of the 14 
chemicals. 2,4-DP, imazapyr, limonene, and picloram do not present a risk 
to the public even in these situations. The normal operational safety 
precautions should limit the possibility of these exposures occurring. 


Workers are at greater risk of systemic and reproductive effects 

(table 5-6) than members of the public. However, they are not at risk from 
typical or maximum exposures to 2,4-DP, imazapyr, limonene, or picloram. 
Workers are at risk of kidney effects from long-term typical exposures to 
2,4-D and at risk of liver effects from triclopyr typical exposures. None 
of the other chemicals present as high a risk as 2,4-D and triclopyr do 
from typical chronic exposures. 


The public is not at cancer risk from any of the chemicals. All risk 
values were found to be less than 1 in 1 million (table 5-26). For 
workers, cancer risks are greater than 1 in 1 million for 2,4-D amine and 
ester mechanical and manual ground applications, and from 2,4-DP backpack 
applications. Diesel oil, glyphosate, kerosene, and picloram do not 
present a cancer risk of greater than 1 in 1 million to any type of worker. 


None of the chemicals appears to present a significant risk of heritable 
mutations. Although there is no direct evidence for humans, the weight of 
evidence in mutagenicity assays indicates that all but 2,4-D, 2,4-DP, and 
the light fuel oils are not likely to affect DNA in human germ cells to 
produce heritable mutations. For the latter chemicals, it is reasonable to 
conclude that their mutagenic potential is weak. 


RISK OF GENERAL SYSTEMIC AND REPRODUCTIVE EFFECTS 


Margins of safety were computed for each application scenario--routine- 
typical, routine-maximum, and accidents--for the public and workers for the 
11 herbicides and 3 associated chemicals. The margins of safety were 
computed by comparing the laboratory-determined NOEL's and LDs5g's in 

table 5-1 with the doses computed in the exposure analysis. 
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Table; 5=2 


Lowest margins of safety for the public from typical and 
maximum estimated exposures in routine operations 





Typical Exposures Maximum Exposures 
Chemical Systemic Reproductive Systemic Reproductive 
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2,4-D (amine) 1,100 (DEO) 5,570 (DEO) 21 (BP) 107. (BP) 
2,4-D (ester) 700 (DEO) 3,481 (DEO) LQ BPs 61 (BP) 
2,4-DP 6,500 (VEG) 8,094 (VEG) 7Z,0BP) 89 (BP) 
Dicamba 10,000 3,000 (DEO) 720 (BP) 72° CBP) 
Diesel oil 2,500 (DEO) 10,000 180 (BP) 10,000 
Fosamine 5,400 (DEO) 10,000 180 (BP) By S77 Ee 
Glyphosate 10,000 10,000 670 (BP) 71 55 0BE) 
Hexazinone 9,800 (DEO) 10,000 140 (BP) 715° BP) 
Imazapyr 10,000 10,000 10,000 10,000 
Kerosene 8,200 (DEO) 10,000 530 (BP) 10,000 
Limonene 10,000 10,000 5,400 (BP) 5, 403, CRED 
Picloram 10,000 10,000 430 (BP) 3,066 (BP) 
Sulfometuron 

methyl 10,000 10,000 SSO Be) 5 SOLS PE) 
Tebuthiuron 10,000 10,000 180 (BP) 286 (BP) 
Triclopyr (amine) 1,000 (DEO) 120458 CDEO) 27 (BP) 27 (BP) 
Triclopyr (ester) 1,000 (DEO) 1,045 (DEO) 27 CBE) 27 (BP) 


DEO: Dermal exposure — onsite. 
VEG: Dietary - vegetables. 
BP: Dietary - berry picking. 


Table 5-2 lists the lowest margins of safety for the public for the 14 
herbicides and additives for the typical and maximum exposure scenarios. 
MOS's for both the amine and ester formulations of 2,4-D and triclopyr are 
listed because they are used at different rates or in different programs. 
Their toxicological differences are not significant. Table 5-3 summarizes 
MOS's for the public exposed in accidents. Table 5-4 concerns the 
likelihood of spill accidents. Table 5-5 indicates effects observed in lab 
animals at the lowest doses showing effects. These are the types of 
effects that may appear in humans when margins of safety are low if they 
are chronically exposed. Table 5-6 lists the lowest MOS's for workers for 
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Table 5-3 


Margins of safety for the public exposed in accidents 





Direct Spray Pond Spill Reservoir Spill 
Chemical Systemic Repro. Systemic Repro. Systemic Repro. 
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2,4-D (amine) 10 50 29 143 NA NA 
2,4-D (ester) 6 29 29 143 NA NA 
2,4-DP 2,000 2,498 150 184 NA NA 
Dicamba 290 29 21.00 272 NA NA 
Diesel oil 47 4,802 POs) 10,000 8,600 10,000 
Fosamine 50 999 680 10,000 NA NA 
Glyphosate 190 60 1,100 362 10,000 4,345 
Hexazinone 40 200 540 2,110 NA NA 
Imazapyr 8,000 4,795 10,000 10,000 10,000 10,000 
Kerosene 59 1556 , 200rRS 107000 10,000 10,000 
Limonene 3,000 35024 3,400 3,425 10,000 10,000 
Picloram 6.7.00 eet 0 000 2,800 10,000 NA NA 
Sulfometuren methyl 160 15620 78 776 NA NA 
Tebuthiuron 50 80 170 Zi2 3,600 55793 
Triclopyr (amine) Wes) iGo 91 91 NA NA 
Triclopyr (ester) Paps ies 68 68 540 543 


NA = not applicable. 


typical and maximum exposures. Table 5-7 gives MOS's and LD5g 

comparisons for worker spill accidents. The doses for the public and 
workers and the computed margins of safety for the individual chemicals are 
listed in tables 5-8 to 5-23. 


Risk to the Public From Routine Operations 
Risk to the Public From Typical Exposures 


Margins of Safety for the Public for Typical Exposures. Table 5-2 shows 
that there are large margins of safety (1,000 or greater) for both systemic 
and reproductive effects for every category of typical exposure for every 
proposed herbicide except 2,4-D ester: it has a margin of safety of 700 
for systemic effects. The lowest margins of safety are for dermal exposure 
onsite except for 2,4-DP (dietary-vegetable). Margins of safety for 
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Table 5-4 


Number of spills on Forest Service land in 
Washington and Oregon over the last 10 years 


LLL 





Number Number Avg. No. Number Avg. No. 
of Spills Ofsopidis/ Spills of Spills/ 
Gallons (air and ground) 1,000 Acres (air) 1,000 Acres 
0 24 O0795 9 0.0298 
10 19 0.0629 9 0.0298 
20 14 0.0464 6 0.0199 
30 lel 0.0364 5 0.0166 
40 sk 0.0364 5 0.0166 
50 10 0.0331 4 0.0132 
60 8 0.0265 4 0.0132 
70 6 0.0199 Z 0.0066 
80 6 0.0199 2 0.0066 
90 3 0.0099 2 0.0066 
100 i! 0.0033 0 0.0000 





imazapyr, limonene, picloram, sulfometuron methyl, and tebuthiuron are 
greater than or equal to 10,000 for both systemic and reproductive 
effects. MOS's for dicamba, 10,000 for systemic effects and 3,000 for 
reproductive effects, exceed the safety factor of 2,000 used by EPA to set 
the acceptable daily intake for dicamba. 


Although the public should not be chronically exposed to these herbicides 
(considering the remote location of most treated areas, it is unlikely that 
any member of the public will be exposed at all), these large margins of 
safety mean that members of the public could be repeatedly exposed to these 
typical levels and suffer no adverse effects. This is true for the general 
public, including pregnant women and the majority of sensitive individuals. 


Risk to the public is low for all kinds of exposures, but they are 
especially low for direct exposure to drift and dietary exposures from 
fish, meat, and water. Risk is somewhat higher for dietary exposures from 
berries and vegetables, and dermal contact with vegetation onsite. 


Probability of the Estimated Typical Public Exposures Occurring. Although 


the typical exposure scenarios represent what can happen under routine 
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Table 5-5 


Systemic effects of subchronic and chronic exposure 
to Region 8 herbicides observed in animals 


———— 


Dose Level 
Herbicide (mg/kg/day) Effects Observed 


2,4-D 5 Renal effects (increased tubular brown pigment and 
increased vacuolization of renal cortex cytoplasm) 
(EPA, 1986b); increased thyroid weight 


51.4 Stupor, incoordination, weak reflexes, urinary 
incontinence, human injection (USDA, 1984). 


2,4-DP 29 Decreased blood sodium and packed blood cell volume; 
increased kidney and liver weight (EPA, 1984a) 


150 Decreased weight gain, decreased hematocrit and red 
blood cells, chronic prostatitis, and kidney 


degeneration (EPA, 1984a) 


Dicamba 40 Slight liver cell necrosis and cytoplasmic 
vacuolization (EPA, 1984b) 


Fosamine 125 Increased stomach weight (USDA, 1984) 


Glyphosate 100 Decreased relative and absolute pituitary weight 
(EPA, 1986c) 


Hexazinone Zo Decreased body weight and increased liver weight 
(EPA, 1986d) 


Jie Increased liver size, localized increase in size 
and number of liver cells, and localized tissue 


degeneration (EPA, 1986d) 


Imazapyr 500 No effects observed at highest dose tested 
(American Cyanamid, 1985) 


Picloram 35 Increased liver weights (Mullison, 1985) 


60 Increased size and altered properties of liver 
cells (Dow, 1987a) 


Sulfometuron 250 Hemolytic effects, liver toxicity, and decreased 
methyl mean absolute body and brain weights (DuPont, 1986) 
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Table 5-5 (continued) 


Systemic effects of subchronic and chronic exposure 
to Region 8 herbicides observed in animals 





Dose Level 


Herbicide (mg/kg/day) Effects Observed 
eg a a a a 
Tebuthiuron 25 Increased thyroid and spleen weight (EPA, 1986a) 
90-day dog 
L25 Growth suppression, pancreatic lesions (EPA, 1986a) 
90-day rat 
Triclopyr 5 Decreased weight gain and food consumption, liver 


and kidney effects due to increased urinary 
retention--183-day dog feeding (EPA, 1985) 


60 Decreased liver weight (USDA, 1984)--90-day mouse 
feeding 

100 Decreased body weight, food consumption, and 
absolute liver weights (EPA, 1985)--90-day rat 
feeding 


operations, the probability that people would receive the doses projected 
here is quite low. There are no residents, hikers, or berrypickers in the 
vicinity of the majority of treatment units. Precautions such as posting 
the area are normally used to ensure that no one would be exposed during or 
immediately after an herbicide application operation. 


As described in section 4, these typical scenarios use a number of 
conservative assumptions that tend to overestimate rather than 
underestimate what is expected in the majority of operations. For example, 
predicted levels in water (which determine doses for drinking water and 
eating fish) are much higher than levels seen in extensive field testing. 
Extensive monitoring studies conducted by the Forest Service in the Pacific 
Northwest for phenoxy herbicides from 1974 to 1978 showed negligible levels 
of herbicides in streams (all were less than 0.04 ppm). These extremely 
low levels were found despite the fact that during the 1974-78 period not 
all herbicide applications were monitored. Only those applications most 
likely to result in significant residues or cause for public concern were 
actually monitored (USDA, 1980). 


The levels predicted on berries also are higher than those found in similar 
forest plants (USDA, 1984). In addition, the levels predicted for deer 
meat in the typical exposures are similar to the highest levels found by 


Table 5-6 


Lowest margins of safety for workers for typical and 
maximum exposures in routine operations 


Typical Exposures 


Maximum Exposures 





Chemical Systemic Reproductive Systemic Reproductive 
2,4-D (amine) 16 81 Dee alg 
2,4-D (ester) 16 81 a7 8.4 
24 OP: 9,700 10,000 670 842 
Dicamba 2,100 (MML) 212 (MML) 300 (MMAL) 30 (MAML) 
Diesel oil 100 (BS) 10,000 21 (MAML) 2,137 (MAML) 
Fosamine 120 2,430 18 259 
Glyphosate 600 194 31 10 
Hexazinone 500 (MML) 2 521- (MML) 8.3 (MAML) 42 (MAML) 
Imazapyr 9,700 Deooe 1,000 607 
Kerosene 380 10,000 9.8 (MAML) 264 (MAML) 
Limonene 4,900 4,903 250 (MAML) 251 (MAML) 
Picloram 10,000 10,000 391.00 10,000 
Sulfometuron 

methyl 810 8,100 40 404 
Tebuthiuron 790 (AML) 1,270 (AML) 52 (MAML) 83 (MAML) 
Triclopyr 

(amine) 29 (MML) 30 (MML) 1.6 (MAML) 1.6 (MAML) 
Porc Lopy r 

(ester) 49 49 1.2 (MAML) 1.2 (MAML) 





Note: Lowest MOS's are for backpack sprayers except as indicated in 


parentheses--(BS) Basal Stem Applicators, (AML) Aerial Mixer/Loader, 
(MAML) Mechanical Applicator-Mixer/Loader, (MML) Mechanical Mixer/Loader. 
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Table 5-7 


Worker spill accident MOS's and LD59 (mg /kg)/dose comparisons 





Fraction 
Chemical Systemic Reproductive LD59 Dose of LD5o 
jee A, 2s NI ke eer ee er eee ee eee 
2,4-D (amine) -140 aay) 375 13656 0.365 
2,4-D (ester) -140 -27 375 136.8 0.365 
2,4-DP 2.3 2.8 Doz Pez 2 0.004 
Dicamba eo BA? = 16rd, io7 41.76 0.055 
Diesel oil -140 —1.4 7,380 1,020 0.138 
Fosamine =9.6 Bh 24,400 240 0.010 
Glyphosate =5.8 el Ws} 4,320 180 0.042 
Hexazinone ~l2 2.4 1,690 120 0.07) 
Imazapyr 4.2 205 >5,000 120 <0.024 
Kerosene = theta >28,000 340.5 <0.012 
Limonene esl ue] atte) 5,000 432 0.086 
Picloram 24 Li2 8,200 One? 0.000035 
Sulfometuron methyl -84 -8.4 >5, 000 210 <0.042 
Tebuthiuron NA NA 644 NA NA 
Triclopyr (amine) -72 -72 630 180 0.286 
Triclopyr (ester) -—96 = 630 240 OF38) 


NA = not applicable. 
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Table 5-8 


2,4-D amine margins of safety 





Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
Public 
Dermal 
Drift 8500.0 3600.0 10000.0 10000.0 
Onsite 1100.0 700.0 5970.4 3481.5 
Dietary 
Water 10000.0 7000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 180.0 10000.0 880.7 
Vegetable 2100.0 940.0 10000.0 4683.1 
Berry picking 2500.0 21.0 10000.0 TORS 
Workers 
Mechanical ground 
Applicator 190.0 D5.0 934.8 Te) 
Mixer/loader 79.0 14.0 392.8 7A. 6 
App1-mix/load 80.0 10.0 2987, SSS) 
Manual ground 
Backpack 16.0 eee 81.0 lee 
Cut surface 40.0 13.0 LOSeZ 63.0 
Accidents 
Spill onto worker -140.0 —27.4 
Accidental spray 10.0 49.9 
Spills into water 
Ground--18.9 1 into pond 29.0 142.9 
Air--379 1 into reservoir NA NA 


NA = not applicable. 
Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 1 and a reproductive NOEL of 5. 
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Table 5-9 


2,4-D ester margins of safety 


ena a a a Ne a 


NA = not applicable. 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
Public 
Dermal 
Drift 5300.0 2100.0 10000.0 10000.0 
Onsite 700.0 400.0 3481.5 1989.4 
Dietary 
Water 9900.0 4000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 100.0 10000.0 503.2 
Vegetable 1300.0 540.0 6475.1 2676.0 
Berry picking 1600.0 12.0 7820.2 6153 
Workers 
Mechanical ground 
Applicator 160.0 10.0 1790 D2 ob 
Mixer/loader 6D 0) 10.0 BD 2feo ee ee | 
Appl-mix/load 66.0 ie & B35 Mere oe 
Manual ground 
Backpack 16.0 Vi 81.0 8.4 
Basal stem 100.0 43.0 508.2 215.5 
Accidents 
Spill onto worker -140.0 —2.an 
Accidental spray Diet 23.0) 
Spills into water 
Ground--18.9 1 into pond 29.0 142.9 
Air--379 1 into reservoir NA NA 


Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 1 and a reproductive NOEL of 5. 
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Table 5-10 


2,4-DP margins of safety 


nn 





Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
Public 
Dermal 
Drift 10000.0 10000.0 10000.0 10000.0 
Onsite 10000.0 10000.0 10000.0 10000.0 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 700.0 10000.0 872.2 
Vegetable 6500.0 3100.0 8093—9 5902.0 
Berry picking 7800.0 (PAS) Si hese 89.4 
Workers 
Mechanical ground 
Applicator 10000.0 3600.0 10000.0 4557.3 
Mixer/loader 10000.0 3600.0 10000.0 4474.1 
Appl-mix/load 10000.0 2600.0 10000.0 3242.2 
Manual ground 
Backpack 9700.0 670.0 10000.0 842.4 
Basal stem 10000.0 8000.0 10000.0 9955.50 
Accidents 
Spill onto worker Piece Jape! 
Accidental spray 2000.0 2497.5 
Spills into water 
Ground--18.9 1 into pond 150.0 183.5 
Air--379 1 into reservoir NA NA 


NA = not applicable. 

Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 5 and a reproductive NOEL of 
Oe). 


yak) 


Table wb 


Dicamba margins of safety 


tenn eee 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
es er ee ene te ae J ee a es 
Pipe 
Dermal 
Dratt 10000.0 10000.0 10000.0 10000.0 
Onsite 10000.0 10000.0 3001.3 2000.9 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 5700.0 10000.0 5 i2eo 
Vegetable 10000.0 10000.0 6475.4 Jee 
Berry picking 10000.0 720.0 TB2002 71.5 
Workers 
Mechanical ground 
Applicator 5000.0 420.0 US eth 41.9 
Mixer/loader 2100.0 410.0 216 A161. 
Appl-mix/load 2100.0 300.0 21456 29.8 
Manual ground 
Cut surface 320070 830.0 324.6 82.0 
Accidents 
Spill onto worker = Lew), —Lo a 
Accidental spray 290.0 28.7 
Spills into water 
Ground—-18-.9 1 into pond 2700.0 271.6 
Air =-375 le into’ reservoir NA NA 
NA = not applicable. 
Note: Margins of safety greater than 10,000 are listed as 10000. Margins 


of safety were based on a systemic NOEL of 25 and a reproductive NOEL of 


Zot 


Dei 


Table 5-12 


Diesel margins of safety 


SS 





Note: Margins of safety greater than 10,000 are listed as 10000. 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
mrublic 
Dermal 
Drift 10000.0 7300.0 10000.0 10000.0 
Onsite 2500.0 1400.0 10000.0 10000.0 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 980.0 10000.0 10000.0 
Vegetable 10000.0 7900.0 10000.0 10000.0 
Berry picking 10000.0 180.0 10000.0 10000.0 
Workers 
Aerial 
Pilot 1900.0 160.0 10000.0 10000.0 
Mixer/loader 750.0 T1060 10000.0 10000.0 
Observer 10000.0 4800.0 10000.0 10000.0 
Mechanical ground 
Applicator 280.0 30.0 10000.0 3004.0 
Mixer/loader 120.0 29.0 10000.0 2949.2 
Appl-mix/load 12030 2.0 10000.0 2137.1 
Manual ground 
Basal stem 100.0 32.0 10000.0 3255.6 
Accidents 
Spill onto worker =140.0 eb eg!) 
Accidental spray 47.0 4801.5 
Spills into water 
Ground--18.9 1 into pond 120.0 10000.0 
Air--379 1 into reservoir 8600.0 10000.0 


Margins 


of safety were based on a systemic NOEL of 7.38 and a reproductive NOEL 


i fle 


avy 


Exposure Type 


Public 
Dermal 
Dire t 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 
Mechanical ground 
Applicator 
Mixer/loader 
Appl-mix/load 
Manual ground 
Backpack 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Table 5-13 


Cround——-L6.9) ) into. pond 
Aitr—=3/ 9) incoereservo ut 


oo 


NA = not applicable. 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Fosamine margins of safety 


Systemic 
Typical Maximum 
10000.0 10000.0 

5400.0 3500.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 1300.0 
10000.0 7800.0 
10000.0 180.0 

3600.0 73.0 

1500.0 ti paesd) 

1500.0 52.0 

120.0 IRS INE) 
-9.6 
50.0 
680.0 
NA 


Reproductive 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 Sos cee 
10000.0 1458.3 
10000.0 1431.7 
10000.0 1037s 

2430.1 ZI Led 
Donk 
999.0 
10000.0 
NA 


Margins 


of safety were based on a systemic NOEL of 25 and a reproductive NOEL of 


500. 


DL 





Exposure Type 


Eee a On PO ee Se ee 


Public 
Dermal 
Deret 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 

Aerial 
Pilot 
Mixer/loader 
Observer 

Mechanical ground 
Applicator 
Mixer/Aloader 
Appl-mix/load 

Manual ground 
Backpack 
Cut surface 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Table 5-14 


Glyphosate margins of safety 


Systemic 


Typical 


10000.0 
10000.0 


10000.0 
10000.0 
10000.0 
10000.0 
10000.0 


10000.0 
5200.0 
10000.0 


7700.0 
3200.0 
3300.0 


600.0 
930.0 


Ground--18.9 1 into pond 
Air--379 1 into reservoir 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Maximum 


10000.0 
10000.0 


10000.0 
10000.0 
4900.0 
10000.0 
670.0 


380.0 
270.0 
10000.0 


1100.0 


10000.0 


Reproductive 


Typical 


10000.0 
10000.0 


10000.0 
10000.0 
10000.0 
10000.0 
10000.0 


4214.8 
1693.5 
10000.0 


2492.9 
1047.4 
1063.1 


194.4 
301.3 


Maximum 


10000.0 
4177.8 


10000.0 
10000.0 
1590.3 
9366.2 
214.6 


124.2 
86.8 
3826.5 


21.9 
ele) 
15.6 


10.1 
Jha) Me) 
=18.0 
=58) 


362.1 
4344.8 


Margins 


of safety were based on a systemic NOEL of 31 and a reproductive NOEL of 


10. 


5=19 


Table 5-15 


Hexazinone margins of safety 


ee eee eee 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
a EEE EEE EEE ee 
Public 
Dermal 
Druitt 10000.0 10000.0 10000.0 10000.0 
Onsite 9800.0 2800.0 10000.0 10000.0 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 1100.0 10000.0 JUL 
Vegetable 10000.0 6200.0 10000.0 10000.0 
Berry picking 10000.0 140.0 10000.0 715.4 
Workers 
Mechanical ground 
Applicator 1200.0 12.0 5998.9 58.3 
Mixer/loader 500.0 10 2520.0 5753 
Appl-mix/load 510.0 oe3 jae mony: ale 
Manual ground 
Backpack 970.0 10.0 4860.2 3085 
Soil spot 900.0 290.0 4519.0 1437.1 
Accidents 
Spill onto worker =P250 264 
Accidental spray 40.0 pA ss! 
Spills into water 
Ground--18.9 1 into pond 540.0 Zi lao 
Air--379 1 into reservoir NA NA 


NA = not applicable. 
Note: Margins of safety greater than 10,000 are listed as 10000. Margins 


of safety were based on a systemic NOEL of 10 and a reproductive NOEL of 
50. 





Exposure Type 


Public 
Dermal 
Drift 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 

Aerial 
Pilot 
Mixer/loader 
Observer 

Mechanical ground 
Applicator 
Mixer/loader 
Appl-mix/load 

Manual ground 
Backpack 
Cut surface 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Table 5-16 


Ground--18.9 1 into pond 
Air--379 1 into reservoir 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Imazapyr margins of safety 


Systemic 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 2300.0 
10000.0 2300.0 
10000.0 1700.0 

9700.0 1000.0 
10000.0 8200.0 
4.2 

8000.0 

10000.0 

10000.0 


Reproductive 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 995360 
10000.0 6944.4 
10000.0 10000.0 
10000.0 1400.0 
10000.0 1374.4 
10000.0 996.0 

5832.3 606.6 
10000.0 4927.1 
Zi 

APO SiS2 

10000.0 

10000.0 


Margins 


of safety were based on a systemic NOEL of 500 and a reproductive NOEL of 


300. 


Table 5-17 


Kerosene margins of safety 


LL 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
oe ee ee ee ee 
Public 
Derma 1 
Detet 10000.0 10000.0 10000.0 10000.0 
Onsite 8200.0 4100.0 10000.0 10000.0 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 2900.0 10000.0 10000.0 
Vegetable 10000.0 10000.0 10000.0 10000.0 
Berry picking 10000.0 530.0 10000.0 10000.0 
Workers 
Aerial 
Pilot 1900.0 120.0 10000.0 3286.5 
Mixer/loader 15050 86.0 10000.0 229755 
Observer 10000.0 3800.0 10000.0 10000.0 
Mechanical ground 
Applicator 1100.0 14.0 10000.0 87050 
Mixer/loader 470.0 1450 10000.0 363.8 
Appl-mix/load 470.0 o58 10000.0 263.6 
Manual ground 
Backpack 380.0 27.0 10000.0 714.5 
Basal stem 1100.0 360.0 10000.0 9752.4 
Accidents 
Spill onto worker SAPS) ete 
Accidental spray 59.0 1586.4 
Spills into water 
Ground--18.9 1 into pond 1300.0 10000.0 
Air--379 1 into reservoir 10000.0 10000.0 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Margins 


of safety were based on a systemic NOEL of 28 and a reproductive NOEL of 


751. 





Exposure Type 


Public 
Dermal 
Drift 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 

Aerial 
Pilot 
Mixer/loader 
Observer 

Mechanical ground 
Applicator 
Mixer/loader 
Appl-mix/load 

Manual ground 
Backpack 
Basal stem 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Table 5-18 


Ground--18.9 1 into pond 
Air--379 1 into reservoir 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Limonene margins of safety 


Systemic 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 5400.0 
10000.0 6300.0 
10000.0 4400.0 
10000.0 10000.0 
10000.0 350.0 
10000.0 350.0 
10000.0 250.0 

4900.0 510.0 
7300.0 2300.0 
=(59 

3000.0 

3400.0 

10000.0 


Reproductive 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 5413.4 
10000.0 6263.8 
10000.0 4378.9 
10000.0 10000.0 
10000.0 G53—.1 
10000.0 346.7 
10000.0 Zoe 

4903.4 510.0 
7306.4 2323.4 
-1.9 

SLOWAS IR 

3424.6 

10000.0 


Margins 


of safety were based on a systemic NOEL of 227 and a reproductive NOEL of 


i 
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Exposure Type 


Public 
Dermal 
Drert 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 

Mechanical ground 
Applicator 
Mixer/loader 
Appl-mix/load 

Manual ground 
Backpack 
Cut surface 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Tables5ei9 


Ground--18.9 1 into pond 
Air--379 1 into reservoir 


eee EEE 


NA = not applicable. 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Picloram margins of safety 


Systemic 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 4200.0 
10000.0 10000.0 
10000.0 430.0 
10000.0 O7 0080 
10000.0 9500.0 
10000.0 6900.0 
10000.0 310020 
10000.0 10000.0 

24.0 
6700.0 
2800.0 

NA 


Reproductive 
Typical Maximum 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 3066.1 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 10000.0 

LAL eo 
10000.0 
10000.0 

NA 


Margins 


of safety were based on a systemic NOEL of 7 and a reproductive NOEL of 


50. 





Table 5=20 


Sulfometuron methyl margins of safety 


Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
Public 
Dermal 
Drift 10000.0 10000.0 10000.0 10000.0 
Onsite 10000.0 10000.0 10000.0 10000.0 
Dietary 
Water 10000.0 10000.0 10000.0 10000.0 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 4300.0 10000.0 10000.0 
Vegetable 10000.0 10000.0 10000.0 10000.0 
Berry picking 10000.0 580.0 10000.0 5800.8 
Workers 
Mechanical ground 
Applicator 5000.0 300.0 10000.0 2956.1 
Mixer/loader 2100.0 290.0 10000.0 Zoe) 
Appl-mix/load 2100.0 210.0 10000.0 2103.0 
Manual ground 
Backpack 810.0 40.0 8100.4 404.4 
Accidents 
Spill onto worker =84.0 bet srry) 
Accidental spray 160.0 1620.0 
Spills into water 
Ground--18.9 1 into pond 78.0 T1559 
Air—-379 1 into reservoir NA NA 


NA = not applicable. 

Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 2.5 and a reproductive NOEL of 
25. 


5-25 





Exposure Type 


Public 
Dermal 
Drift 
Onsite 
Dietary 
Water 
Fish 
Meat 
Vegetable 
Berry picking 


Workers 

Aerial 
Pago t: 
Mixer/loader 
Observer 

Mechanical ground 
Applicator 
Mixer/loader 
Appl-mix/load 

Manual ground 


Accidents 
Spill onto worker 
Accidental spray 
Spills into water 


Table 5-21 


Ground--18.9 1 into pond 
Air—-379 1 into reservoir 


SS 


NA = not applicable. 


Note: Margins of safety greater than 10,000 are listed as 10000. 


Tebuthiuron margins of safety 


Systemic 
Typical Maximum 
10000.0 10000.0 
10000.0 3500.0 
10000.0 10000.0 
10000.0 10000.0 
10000.0 1300.0 
10000.0 10000.0 
10000.0 180.0 

2000.0 100.0 
790.0 7220 
10000.0 3200.0 
3500.0 73.0 
1500.0 7220 
1500.0 32.0 
NA 

5020 

170.0 

3600.0 


Reproductive 
Typical Maximum 
10000.0 10000.0 
10000.0 5570.4 
10000.0 10000.0 
10000.0 10000.0 
10000.0 2120.4 
10000.0 10000.0 
10000.0 286.2 

3161.1 165.6 

127 0ee Rit owed s 

10000.0 5102.0 
5609.0 TO. 

2396 7 114.5 

2391.9 83.0 

NA 

7959 

Pa Mer? 

S193. 


Margins 


of safety were based on a systemic NOEL of 12.5 and a reproductive NOEL 


Of 205 


on20 


Table 5-22 


Triclopyr amine margins of safety 





Systemic Reproductive 
Exposure Type Typical Maximum Lypical Maximum 
Public 
Dermal 
Dina t 8000.0 2700.0 199 ao 2693.02 
Onsite 1000.0 520.0 1044.5 D2 ee 
Dietary 
Water 10000.0 8700.0 10000.0 8706.2 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 200.0 10000.0 198.8 
Vegetable oZ200.0 1200.0 S237 65 LEBLOG.8 
Berry picking 3900.0 RA) SNe 3! 2655 
Workers 
Mechanical ground 
Applicator 70,0 ee Oe Dane 
Mixer/loader 29.0 PE» l 29.55 Zot 
Appl-mix/load 30.0 WATS; 29.9 6 
Manual ground 
Backpack BO Diet: 34a Sieg 
Cut surface 90.0 DANELY 90.4 JA Nas 
Accidents 
Spill onto worker ma] -72.0 
Accidental spray Tees ied 
Spills into water 
Ground--18.9 1 into pond oO 90.5 
Air--379 1 into reservoir NA NA 


NA = not applicable. 

Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 2.5 and a reproductive NOEL 

Ofe2 65 


BS P| 


Table 5-23 


Triclopyr ester margins of safety 








Systemic Reproductive 
Exposure Type Typical Maximum Typical Maximum 
Public 
Dermal 
DELCLe 8000.0 2700.0 7991.9 2698.2 
Onsite 1000.0 520.0 1044.5 Ace 
Dietary 
Water 10000.0 8700.0 10000.0 8706.2 
Fish 10000.0 10000.0 10000.0 10000.0 
Meat 10000.0 200.0 10000.0 198.8 
Vegetable 3200.0 1200.0 Se Whey) 117058 
Berry picking 3900.0 Psp) 3910.1 26.8 
Workers 
Aerial 
PLIOt 240.0 16.0 Zale Loe 
Mixer/loader 95.0 ake® 95.3 1029 
Observer 7300.0 480.0 7306.0 478.3 
Mechanical ground 
Applicator 140.0 de, 140.2 Tee 
Mixer/loader 59.0 eet, 58.9 eff 
Appl-mix/load. 60.0 14 I940 Uae, 
Manual ground 
Backpack 49.0 GE 48.6 3.4 
Basal stem 140.0 46.0 144.8 46.1 
Accidents 
Spill onto worker =90.0) -96.0 
Accidental spray s) Lice. 
Spills into water 
Ground--18.9 1 into pond 68.0 67.9 
Air--379 1 into reservoir 540.0 543.1 


ec 


Note: Margins of safety greater than 10,000 are listed as 10000. Margins 
of safety were based on a systemic NOEL of 2.5 and a reproductive NOEL 


ape 74ST 


Newton and Norris (1968, as cited in Dost, 1983), who found no levels 
greater than 0.08 ppm in edible deer tissues. 


Risk to the Public From Maximum Exposures 


The maximum exposure scenarios described in section 4 were intended to 
indicate the upper bound for public exposure to herbicide applications in 
the Southeast. The low probability of each assumption, which would apply 
to all of the events that led to the MOS's described in table 5-2, must be 
emphasized. It is unlikely that anyone would receive a dose as high as 
those estimated here. 


Margins of Safety for Maximum Public Exposures. Table 5-2 indicates that 
most margins of safety for systemic and reproductive effects estimated for 
maximum public exposures are greater than 100 except for 2,4-D amine and 
ester, 2,4-DP, dicamba, and triclopyr amine and ester. Margins of safety 
for systemic effects calculated for exposure to 2,4-D were 12 for the ester 
and 21 for the amine. MOS's were 27 for both triclopyr amine and ester. 
The 2,4-DP MOS for systemic effects (72) indicates some risk, though not 
nearly as great as the risks from 2,4-D and triclopyr. Chronic doses of 
2,4-D, as predicted by this analysis, could affect the muscles and kidneys, 
though this would be a reversible effect. People who chronically receive 
the maximum triclopyr doses predicted here could experience decreased liver 
or kidney function. Because the margins of safety were computed by. 
comparing acute exposures with chronic no-effect levels, the risk of 
occurrence of these effects should be considered extremely low. It is 
extremely unlikely that nearby residents would receive repeated maximum 
doses over the long term. The margins of safety derived for triclopyr 
amine and ester also are conservative because the toxic effects observed in 
dogs that resulted in a systemic NOEL of 2.5 mg/kg/day may have been 
exacerbated by the decreased renal excretion capacity of dogs, which is not 
representative of human renal physiology. A 2-year feeding study in rats 
did not result in kidney problems or other toxic effects at a comparable 
dose level (3 mg/kg/day) (USDA, 1984). 


Lowest MOS's for reproductive effects are 27 for both triclopyr amine and 
ester, indicating some risk of reproductive effects under maximum exposure 
situations. The reproductive MOS's for 2,4-D ester (61), dicamba (72), and 
2,4-DP (89) indicate somewhat lower risks. Reproductive effects risks for 
the general public for the other 11 chemicals are low to negligible because 
MOS's range from 140 to more than 10,000. Thus, these 11 chemicals can be 
considered safe for the public even if exposed to the relatively high 
amounts predicted under the maximum exposure assumptions and even if the 
maximum exposures occur repeatedly. 


Probability of the Maximum Public Exposures Occurring. The probability of 
someone receiving a dose as high as those predicted in the maximum exposure 
estimate is negligible. The probability is so low because the analysis 
assumes that a number of unlikely events occur simultaneously. For 
example, using the assumptions that for a project on a given day the 
probability of treating a unit with the maximum acreage at the maximum 
application rate is 1 in 100, and the probability of the high drift case is 
1 in 100, and the probability of someone being in the vicinity of the 


3629 


treatment area is 1 in 100, then the probability of someone receiving a 
dose as high as those predicted here is 1 in 1 million (0.01 x 0.01 x 0.01 
= 0.000001). 


Risk to the Public From Accidents 


Table 5-3 summarizes the risk to the public from accidents: direct 
exposure to aerial applications or drinking water from a pond or reservoir 
that has received an herbicide spill. The low margins of safety for 2,4-D 
(6) and triclopyr (7.5) indicate that people exposed to spray from a direct 
aerial application could experience systemic or reproductive toxic 

effects. The risks of 2,4-D reproductive effects would be somewhat lower. 
The severity of effects would depend upon what measures were taken after 
the spraying incident. The public would not likely be affected if they 
wash immediately. The longer washing is postponed, the more serious the 
effects are likely to be. Diesel oil (MOS = 47), fosamine (MOS = 50), 
hexazinone (MOS = 40), kerosene (MOS = 59), and tebuthiuron (MOS = 50) also 
present a risk of systemic effects from direct spraying, though not as 
great a risk as those described for 2,4-D and triclopyr. Dicamba, 
glyphosate, and tebuthiuron present a risk of reproductive effects in this 
Situation. 


Spills into reservoirs present negligible risk to the public. The lowest 
margin of safety is 543 for triclopyr. Pond spills of 2,4-D (MOS = 29) do 
present a risk of systemic effects, such as those described in table 5-5, 
to the public. Pond spills of triclopyr amine and ester (MOS's = 68 and 
91) and sulfometuron methyl (MOS = 78) are lower systemic risk situations. 
Triclopyr amine and ester present the only risks of reproductive effects 
from pond spills. Normal spill cleanup procedures and warning signs should 
prevent any of these possible effects from occurring. None of the other 
chemicals present a risk to the general public in a pond spill, although in 
rare instances sensitive individuals could be at risk. 


Again it must be noted that these are one-time, rather than repeat, or 
chronic, exposures and that comparison of these doses with acute LDs5q's 
shows that no one is likely to be at risk of fatal effects. For example, 
the lowest MOS (5.7) for the public is for direct spraying with 2,4-D 
ester. This dose is less than 1/2,100 of the LD59. Complete margins of 


safety computed for each chemical for accidents are presented in tables 5-8 
tous 23.. 


Probability of Accidents. The risk of a member of the public being hit 
directly by an aerial spray operation is very small. The probability of a 
pesticide application in an area not scheduled for treatment is low. 
According to the Forest Service data on insecticide application (USDA, 
1984), the probability, based on empirical data, of some kind of 
significant error in a pesticide application is 0.0002 (at the 95-percent 
confidence level). Operational features of herbicide applications make the 
probability of applying an herbicide in an area not scheduled for treatment 
less than that of insecticide operations. Using this value as an extremely 
conservative estimate of the probability of an application directly hitting 
a human, there might be three accidents over a period of 8 years if a 
spraying operation occurred every day for 6 months during each of those 


5-30 


years. In addition, the probability that someone would be in the area 
being sprayed is very low because normally the area is posted before 
spraying and humans are kept out of the treated areas during spray 
operations. Thus, the probability of such accidents can be considered 
negligible. 


Some indication of the likelihood of occurrence of significant herbicide 
spill accidents may be derived from historical data. Herbicide spill 
accidents recorded by BLM and the Forest Service in the Pacific Northwest 
over ll years were classified by location, date, and quantity spilled. 
Also included was information specifying whether the accidents occurred on 
the ground or in the air, and whether the spill was near a waterway. Over 
an ll-year period, from 1973 through 1983, there were 24 recorded spills 
averaging 44.4 gallons per accident. Herbicide use rates ranged from 1.5 
pound a.i. to 7 pounds a.i. per acre for normal use rates. For a total of 
302,085 acres sprayed during the ll-year period, there was one accident for 
every 12,587 acres, and 54 percent of the spills involved 30 gallons or 
less. Table 5-4 shows the acreage sprayed, gallons spilled, and type of 
spill for the years 1973 to 1983. 


Risk to the Public and Workers From Herbicides Used in Brown-and-Burn 
Operations 


Threshold limit values (TLV's) based on safety guidelines for occupational 
exposure were used to calculate margins of safety for brown-and-burn 
herbicide exposures. The threshold limit value is the time-weighted 
average concentration in air of a chemical for a normal 8-hour workday and 
a 40-hour workweek, to which nearly all workers may be repeatedly exposed, 
day after day, without adverse effect (ACGIH, 1984). For those herbicides 
where TLV's or other similar criteria were not available (2,4-DP, 
glyphosate, and imazapyr), a safety factor of 1,000 was applied to the 
rat-inhalation LC5g value (1/1,000 the LCs59) to estimate a safe 

exposure level. Herbicide concentrations in air would dissipate with 
distance from the burn site, and the public would be expected to have lower 
exposures than the workers. 


An example of the estimated onsite herbicide concentrations in air is given 
for hexazinone in table 5-24. This table shows the types of exposures that 
were calculated for the herbicides used in brown-and-burn operations as 
described in section 4. The concentration in air is for a maximum 
respirable level, assuming no dissipation or transport from the burn site. 
Triclopyr ester has the highest concentration in air (0.066 mg/m>) of any 
of the herbicides under typical conditions. Margins of safety are all 
greater than or equal to 150 for typical conditions, except triclopyr 
ester, which has an MOS of 84 for aerial foliar and mechanical foliar 
methods. Under the minimum time interval conditions, triclopyr ester has 
the highest concentrations of any of the herbicides (see table 5-25). 
Margins of safety are all greater than 100, except for triclopyr ester, 
which has MOS's of 74 (see table 5-25). 


The estimated doses are undoubtedly higher than those likely to occur 


because a large fraction of the herbicide residues would probably be 
destroyed during combustion (McMahon et al., 1985; Bush et al., 1987). 


Saal 


Table 5-24 


Brown-and-burn exposures and margins of safety for hexazinone 





Concentration 
in Air MOS2 
Application Method (mg /m3) (AEL/Concentration) 
Aerial foliar-typical 0.0035 2,000 
Aerial foliar-maximum 0.011 910 
Mechanical foliar-typical 0.0013 7,800 
Mechanical foliar-maximum 0.011 910 
Mechanical Vues ste Reed 0.000062 160,000 
Mechanical C Beeman 0.011 910 
Manual Ground e/Poetypical 0.0035 2,900 
Manual Ground Chora aaa Os011 910 
Foliar BP°/hand-typical 0.000022 450,000 
Foliar BP /hand-maximum sje 24,000 


Basal stem-typical — fo 
Basal stem-maximum -- a 
Cut surface-typical me a 


Cut surface-maximum ee a 


4Margins of safety are based on the AEL (acceptable exposure level) of 
10.0 ng /m> (DuPont, 1987) which is a time-weighted average value. A TLV is 
not available for hexazinone. 
b¢/P = Granular/pellet. 
CBP = Backpack. 
-- = hexazinone not used in these methods. 
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McMahon et al. (1985) determined that more than 95 percent decomposition of 
herbicide residues (including 2,4-D, 2,4-DP, picloram, and hexazinone ) 
occurred when treated wood (chestnut oak) was burned under conditions of 
rapid combustion. Under smoldering conditions, much higher residues were 
recovered. Combustion during prescribed burns is generally similar to the 
rapid combustion conditions. 


The margins of safety for the wildfire scenario are greater than 100 for 
all the herbicides except 2,4-D ester, 2,4-DP, imazapyr, triclopyr amine, 
and triclopyr ester. Wildfire scenarios with MOS's of less than 100 are as 
follows: 2,4-D ester mechanical foliar MOS = 66; 2,4-DP mechanical foliar 
MOS = 55; imazapyr aerial foliar, mechanical foliar, foliar B/P hand 

MOS's = 46; triclopyr amine mechanical foliar MOS = 66; and triclopyr ester 
aerial foliar and mechanical foliar MOS = 66. 


The estimated wildfire exposures represent maximum values based on typical 
application rates and assuming no degradation between treatment and the 
time of burning. Under smoldering conditions, exposures are not likely to 
be reduced significantly for stable compounds, such as 2,4-D and 2,4-DP, 
but would probably be much less for thermally unstable compounds, such as 
picloram (Bush et al., 1987). If rapid combustion occurs, residues and 
exposures would be lower, as discussed in a preceding paragraph. 


Risk to the Public From Using Treated Firewood 


Bush et al. (1987) measured residues released from burning wood (in wood 
stoves or fireplaces) from herbicide-injected trees. Residues under rapid 
combustion were generally much less than under slow combustion. Based on 
these measurements, Bush et al. estimated indoor air concentrations of 
herbicides for rapid and slow combustion conditions, respectively, as 
follows: 0.0000036 mg/m? to 0.000088 mg/m? for 2,4-D; 0.00012 mg/m3 
LOs0.U0L mg /m3 for 2,4-DP; less than 0.0000001 ng /m3 for picloram; and 
less than 0.00005 mg/m? to 0.00031 mg/m3 for triclopyr (Bush et al., 
1987). 


These concentrations are much less than the maximum exposure concentrations 


estimated for these herbicides in brown-and-burn operations (see table 
5-24) ° 


Risk to Workers From Routine Operations 


Table 5-6 lists the lowest margins of safety for workers for typical and 
maximum exposures based on the lowest systemic and reproductive NOEL's for 
the 11 herbicides and 3 related chemicals. Full tables showing margins of 
safety computed for the 14 herbicides and additives are presented in tables 
5-8 through 5-23. Because of the assumptions that were made to 
overestimate risk, the Forest Service estimates that exposures in almost 
all of the operations that take place will be less than or equal to the 
typical exposure estimates. The typical worker exposures and resultant 
margins of safety are what could be expected in the majority of vegetation 
management programs in the Southeast for workers wearing protective 
clothing or equipment. 


Effects of the Use of Protective Clothing 


The use of protective clothing can substantially reduce worker doses, as 
shown in field studies of worker exposure, and thereby increase their 
margins of safety. Protective clothing can reduce worker exposures by 27 
to 99 percent, as shown in a number of relevant field studies. Typical 
exposures were computed assuming protective clothing is worn. The 
calculated maximum doses were based on the assumption that workers work 
with bare hands and wear ordinary work clothing, such as cotton pants and 
short-sleeve shirts. The Forest Service requires employees applying 
herbicides to wear clothing that affords more protection. Typical 


protective clothing often includes long-sleeve shirts or coveralls, gloves, 
and hats. 


Research has shown that such protective clothing can substantially reduce 
worker exposure. For example, in right-of-way spraying, doses received by 
Spray gun applicators wearing clean coveralls and gloves were reduced by 68 
percent compared to doses without this protection (Libich et al., 1984) 
During an aerial spraying operation, mixer/loaders wearing protective 
clothing reduced their exposure by 27 percent and other crew members 
reduced their exposure by 58 percent compared to the levels observed 
without precautions (Lavy et al., 1982). 


During insecticide applications to orchards, mixers reduced their exposure 
by 35 percent and sprayers reduced their exposure by 49 percent by wearing 
coveralls (Davies et al., 1982). Putnam and coworkers found that nitrofen 
applicators and mixer/loaders wearing protective clothing reduced their 
exposure by 94 to 99 percent compared to the doses experienced without 
protection (Waldron, 1985). Although protective clothing generally reduces 
worker exposure and resulting doses, the degree of protection depends on 
the application system, the work practices, and the specific herbicide. In 
one extreme case, workers wearing protective clothing did not receive 
significantly lower doses than workers with less clothing (Lavy et al., 
1984). In this case, backpack applicators had to treat and move through 
dense vegetation that was taller than themselves. 


Most exposure to herbicide applicators is dermal, not inhalation 
(Kolmodin-Hedman, et al., 1983), so the use of respirators is often 
ineffective and unnecessary. The hands are the site of the greatest 
potential herbicide exposure, and rubber gloves are generally quite 
effective in preventing exposure to hands (Putnam et al., 1983). 


Based on the review of field studies, protective clothing was normally 
found to reduce worker doses by the following amounts: 


Type of Worker Percent Reduction in Dose 
1. Mechanical-ground 68.1 
2. Aerial application crew members 5758 
3. Aerial mixer/loaders 27a 
4. Injection bar applicators 54.7 
5. Hack-and-squirt applicators 57.6 


D=o0 


Risk to Workers From Typical Exposures 


For typical exposures, all categories of workers applying 2,4-DP, diesel 
oil, fosamine, glyphosate, hexazinone, imazapyr, kerosene, limonene, 
picloram, sulfometuron methyl, and tebuthiuron have MOS's greater than 

100. This indicates that even workers chronically exposed to these 
chemicals should suffer no ill effects. For workers applying 2,4-D and 
triclopyr, at least one category of worker (primarily backpack sprayers) 
had MOS's less than 100. This means that unprotected workers who routinely 
receive doses this high may experience some toxic effects from applying 
these herbicides. 


Backpack sprayers are clearly at greatest risk based on comparisons of 
estimated doses with NOEL's for all of the herbicides. Cut-surface 
applicators are next, while mixer/loaders and applicator-mixer/loaders for 
mechanical applications are at somewhat lower risk. Aerial application 
personnel are at least risk. 


Risk to Workers From Maximum Exposures 


As shown in table 5-6, a number of herbicides have margins of safety less 
than 10 for the maximum worker exposures. 


Backpack sprayers using 2,4-D and triclopyr are at highest risk. However, 
none of the maximum doses exceeds the lowest NOEL. 


The maximum exposures for workers are based on a series of assumptions 
that, acting together, greatly increase the estimated risk. The analysis 
uses the highest application rates used by the Forest Service, and the 
longest work hours for each type of project. 


The probability of workers receiving repeated daily doses as high as 
predicted here is extremely low (less than 1 chance in 1,000). These 
exposures are not likely to occur chronically. Most of the time workers 
will be receiving doses less than the maximum exposures predicted. Thus, 
the average worker would not be expected to experience toxic effects (for 
example, decreased renal function) that have only been observed after 
chronic exposure. However, other effects (for example, skin irritation, 
neural or reproductive effects) might possibly occur after short-term 
exposure to unusually high levels. Sensitive individuals would be at 
greatest risk of such effects. 


Risk to Workers From Spills of Concentrate on Their Skin 


It is important to note that the doses estimated here for workers who spill 
concentrate on their skin are based on dermal penetration levels derived in 
studies over many days: the chemicals do not penetrate the skin 
immediately but over a considerable period of time. Thus, workers would 
have to ignore their own safety and not wash the chemical off to receive 
doses as high as predicted in this scenario. All Region 8 application 
operations have wash water available onsite, and all workers are trained in 
safety procedures. 


For workers who spill 500 ml of concentrate on their skin, there is a clear 
possibility that they could experience some acute toxic effects if they did 
not wash it off. The margins of safety for this accidental case are 
presented in table 5-7. Many of the spill doses approach the LDs59. This 
represents a clear risk of severe toxic effects if the chemical is not 
washed off. There is some possibility that the damage caused by such a 
large acute dose could cause long-term damage to vital organs. There have 
also been rare instances in which limited exposure to 2,4-D was reported 
(but not conclusively demonstrated) to have caused permanent nerve damage. 
But, again, it is highly unlikely that a worker would allow the 
concentrated chemical to penetrate the skin for any length of time. 


CANCER RISK 


An analysis of the maximum cancer risk was conducted for the herbicide that 
had positive laboratory oncogenic studies, 2,4-DP; for the light fuel oils, 
because they contain small amounts of materials known or suspected of 
causing cancer; and for the herbicides 2,4-D, glyphosate, and picloram for 
which there is scientific uncertainty about their ability to cause cancer. 
There is no evidence to suggest that any of the other chemicals could cause 
cancer. However, two of the herbicides and the adjuvant limonene have not 
been tested in chronic feeding/oncogenicity studies, and only preliminary 
oncogenicity study data were available for imazapyr. All of the other 
herbicides have negative cancer studies. EPA has requested additional data 
on the cancer potential of a number of the herbicides, and the Forest 
Service will consider the results of their findings when they become 
available. 


Cancer is generally dealt with in the scientific community as a 
nonthreshold response, which means that even an extremely small amount of a 
chemical could cause a tumor. The multistage model used for estimating the 
risk for all herbicides in this analysis is a reasonably conservative 
estimator used by EPA. At high doses, all of the commonly used models 
would predict nearly the same rate of tumor formation. 


Cancer risks for 2,4-DP, 2,4-D, glyphosate, picloram, and the light fuel 
oils have been calculated based on a variety of conservative assumptions 
that are likely to overestimate the risks. These assumptions include the 
following: 


1. 2,4-DP, glyphosate, picloram, and 2,4-D are all treated as if they 
are carcinogenic. Picloram, glyphosate, and 2,4-D have not been 
shown conclusively to be carcinogenic in laboratory tests, but the 
evidence did not rule out the possibility of a low carcinogenic 
potency. Consequently, a conservative approach was taken. 


2. In cases where there is more than one data set available, the data 

set indicating greater carcinogenic potency has been chosen. For 
example, the carcinogenic potency of 2,4-D and has been calculated 
based on the rate of tumor formation in the female Osborne-Mendel 
rats studied by Hansen et al. (1971). This is the species and sex 
that have exhibited the highest rate of tumor formation after 2,4-D 
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administration. All tumors were considered, although many of them 
were benign. 


3. It is assumed that carcinogenicity in all five cases is not a 
threshold phenomenon; that is, any dose of these chemicals has some 
probability of causing cancer, no matter how small the dose. 


4, In each case a 95-percent upper confidence limit on the multistage 
model estimate was used to estimate cancer potency using the 
maximum-likelihood procedure of the GLOBAL 82 computer program 
(Howe and Crump, 1982). 


5. Interspecies extrapolation is a principal source of uncertainty in 
judging cancer risk. The scaling method used in this analysis is 
the most conservative of the commonly accepted methods. The cancer 
potency of each chemical for humans was assumed to be the same as 
the potency for rats when scaled in terms of milligrams per square 
meter (mg /m2 ) of body surface area. This method is commonly used 
by EPA and others, but it is not the only acceptable approach. 
Another equally acceptable (OSTP, 1985) method is to scale doses in 
terms of mg/kg of body weight, resulting in estimates of cancer 
risk that are about 16 percent of those calculated here. 


6. The range of doses calculated for workers and the public in the 
basic scenarios covers even extreme exposures that might be 
encountered with each application method. Unusual exposure 
situations, represented by accidental spraying and large herbicide 
spills, have also been considered. 


The probability of occurrence of cancer over a lifetime as a result of 
exposure to each of the chemicals was calculated using the following 
equations: 


PCd )e=ak¥y She x id 
d Dix N/E 


where: 


P(d) is a conservative estimate of the probability of cancer 
during a person's lifetime as the result of dose d. 


d is the average daily dose over a lifetime (mg/kg/day) 
K is an interspecies extrapolation factor 


b is a 95-percent upper confidence limit on the estimate 
for cancer potency in the test animal (derived in section 3). 


The following cancer potencies (per mg/kg/day) were used: 2,4-DP, 0.0124; 
2,4-D, 0.00503; picloram, 0.00057; glyphosate, 0.00002566; and kerosene and 
diesel oil, 0.0000009. These potencies (b) refer to the test animal; the 
potency for humans is K x b. 


Dis the daily dose (mg/kg/day) 


N is the number of days during which the dose D occurs 
during an individual's lifetime 


L is the number of days in a lifetime, taken to be 25,500 
for a 70-year lifespan. 


The interspecies extrapolation factor, K, can be estimated by assuming that 
body surface area is proportional to body weight to the 2/3 power (Mantel 
and Schneiderman, 1975), so that K would be: 


K = (human weight/test animal weight)1/3 


For an average human weight of 50 kilograms and an average rat weight of 
350 grams, K is estimated to be 5.2. 


Cancer Risk to the Public 


Cancer risk for the general public was calculated for a combination of nine 
typical exposures and one maximum exposure in a lifetime. The approximate 
upper bound cancer risks to the public for the combined typical and maximum 
exposures are shown in table 5-26. (See section 4 for details of lifetime 
exposures of the public.) Public cancer risks are never greater than 2 in 
10 million for any of the seven chemicals examined for the nine typical and 
one maximum lifetime exposures. 


Cancer Risk to Workers 


Cancer risk to workers has been calculated assuming that typical exposures 
and days of application per year are experienced during 90 percent of the 
years, and that during 10 percent of the years, maximum exposures and days 
of application are experienced. A total of 20 years of employment in 
herbicide application has been assumed for each worker. The upper bounds 
for lifetime cancer risks for workers are shown in table 5-26. The risks 
for each herbicide were calculated assuming that only that herbicide was 
used. The only exposures in 20 years of application work that lead to 
cancer risks greater than 1 in 1 million are backpack spraying of 2,4-DP 
and all mechanical and manual exposures to 2,4-D amine and ester 
formulations. Exposures to backpack sprayers using glyphosate result ina . 
risk slightly higher than 1 in 1 million. The highest risk, greater than 5 
in 100,000, is for backpack sprayer use of 2,4-D. 


Cancer Risk From Brown-and-Burn Operations 


The risk of cancer from exposure to herbicide residues in brown-and-burn 
operations was calculated assuming exposure of 6 hours per day, 20 days per 
year for 10 years. The results are given in table 5-27. The highest 
cancer risks from herbicides are 2 in 100 million for 2,4-D amine; 4 in 100 
million for 2,4-D ester; 9 in 100 million for 2,4-DP; 1 in 10 billion for 
glyphosate; and 3 in 10 billion for picloran. 
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Table 5-27 


Cancer risk from brown-and-burn operations 


Herbicide 


2,4-D Amine 
Mechanical foliar-typical 
Mechanical foliar-maximum 
Foliar backpack/hand-typical 
Foliar backpack/hand-maximum 
Cut surface-typical 
Cut surface-maximum 


2,4-D Ester 
Mechanical foliar-typical 
Mechanical foliar-maximum 
Foliar backpack/hand-typical 
Foliar backpack/hand-maximum 


2,4-DP 
Mechanical foliar-typical 
Mechanical foliar-maximum 
Foliar backpack/hand-typical 
Foliar backpack/hand-maximum 


Glyphosate 
Aerial foliar-typical 
Aerial foliar-maximum 
Mechanical foliar-typical 
Mechanical foliar-maximunm 
Foliar backpack/hand-typical 
Foliar backpack/hand-maximum 
Cut surface-typical 
Cut surface-maximum 


Picloram 
Mechanical foliar-typical 
Mechanical foliar-maximum 
Foliar backpack/hand-typical 
Foliar backpack/hand-maximum 
Cut surface-typical 
Cut surface-maximum 


Risk 
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The risk of cancer from exposure to herbicide residues released from the 
burning of herbicide-treated vegetation can be put into perspective by 
comparing it with the risk of cancer from burning untreated woody 
vegetation, such as in a prescribed burn operation. When wood is burned, a 
variety of combustion products are formed. The types and relative 
abundance of these compounds varies with the temperature of the fire, the 
moisture content of the wood, and the species of wood. The two groups of 
compounds in wood smoke that are of greatest toxicological concern are 
polyaromatic hydrocarbons (PAH's) and the aldehydes. The PAH's in wood 
smoke include at least five chemicals that are carcinogens, including 
benzo(a)pyrene (BaP) and the aldehydes group, which includes formaldehyde, 
also a carcinogen. EPA has estimated a cancer potency for BaP of 0.0033 
per (ug/m3/day) (Haemisegger et al., 1985 in Dost, 1986). A cancer risk 
of 8.1 x 10°°, approximately 8 in 1 million, was calculated for PAH's 
using methods by Dost (1986) and assuming 24 ug BaP/g of smoke particulate 
(based on measurements by White et al., 1985 in Dost, 1986); a smoke 
density of 30 mg /m>; and 6 hours per day, 20 days per year, and 10 years 
of exposure. This risk is at least 90 times greater than the highest 
cancer risk from herbicide exposure during brown-and-burn operations. 


In Region 8, workers are usually exposed, on the average, to brown-and-burn 
operations for 4 hours per day, 20 days per year, for 3 consecutive years. 
This would result in lower exposures to PAH's and cancer risks that are 
only one-fifth of those estimated by Dost (1986). 


Comparison of Cancer Risks With Other Common Risks 


To put the cancer risks calculated here in perspective, table 5-28 lists 
risks resulting from some more familiar hazards and occupational risks. 
Motor vehicle accidents have a risk of fatality that averages 2 in 10,000 
per person each year. Over a 30-year period, the cumulative risk would be 
6 in 1,000. A variety of hazards are listed in the table that have a risk 
of about 1 in 1 million. These hazards include smoking 2 cigarettes, 
eating 6 pounds of peanut butter, drinking 40 sodas sweetened with 
saccharin, or taking 1 transcontinental round trip by air. The cancer risk 
from a single x ray is 7 in 1 million. Many occupational risks are 
greater. Working for 30 years in agriculture or construction has a risk of 
about 1.8 in 100, and in mining and quarrying the risk is even greater: 3 
in 100 over 30 years. 


RISK OF HERITABLE MUTATIONS 


No human studies are available that associate any of the herbicides with 
heritable mutations. Furthermore, no risk assessments that quantify the 
probability of mutations are available in the literature or from EPA. 
Laboratory studies constitute the best available information on mutagenic 
potential. Results of the mutagenicity assays conducted on the 14 
herbicides and additives are summarized in section 3 in table 3-3. 


For some of the herbicides, no EPA-validated mutagenicity tests exist or 
the mutagenicity tests conducted are insufficient to conclude whether the 
chemical is mutagenic. For these herbicides, a very conservative 
assumption was to conclude that these herbicides have the potential to 
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cause mutations in humans. In these cases the results of carcinogenicity 
tests (see table 3-3) or cancer risk assessments were used to give an 
indication of the risk of heritable mutations. The rationale for this 
assumption is summarized by the USDA (1985a) as follows: 


Since mutagenicity and carcinogenicity both follow similar mechanistic 
steps (at least those that involve genetic toxicity), the increased risk 
of cancer can be used to approximate the quantitative risk of heritable 
mutations. The basis for this assumption is that both mutagenicity and 
at least primary carcinogens react with DNA to form a mutation or DNA 
lesion affecting a particular gene or set of genes. The genetic lesions 
then require specific metabolic processes to occur, or the cells must 
divide to insert the lesion into the genetic code of the cell. 


We believe the cancer risk provides a worst case approximation to 
heritable mutations because cancer involves many types of cells whereas 
heritable mutations involve only germinal (reproductive) cells. 


However, carcinogenic potency is not a completely reliable indicator of 
mutagenic potential. It is true that currently available data indicate 
that known carcinogens are likely to be mutagens, and known mutagens are 
likely to be carcinogens, but there are a significant number of exceptions 
that appear to be only carcinogens or only mutagens (Brusick, 1980). If 
the relationship between carcinogenicity and mutagenicity is not reliable, 
then quantitative estimation of mutagenic risk based on estimates of 
carcinogenic risk would be even more tenuous. Consequently, quantitative 
estimates of mutagenic risk will not be presented here. 


Glyphosate, imazapyr, and sulfometuron methyl tested negative for 
mutagenicity in all assays conducted, and thus can be considered to pose 
negligible mutagenic risk. 


Hexazinone, dicamba, picloram, tebuthiuron, and triclopyr were nonmutagenic 
in the majority of assays conducted and were nononcogenic in all of the 
carcinogenicity tests performed; therefore, it can be assumed that their 
mutagenic risk is slight to negligible. 


Fosamine was negative for mutagenicity in four of five studies reported in 
EPA's summary of toxicity tests (EPA, 1987) and in a number of bioassays 
described in USDA 1984). Fosamine also has not been shown to cause 
cancer. Therefore, fosamine is considered to present a very low 
mutagenicity risk in this analysis. 


No validated mutagenicity studies have been conducted with limonene. 
Limonene is a chemical that is "generally regarded as safe" by the Food and 
Drug Administration (see section 3), and it is not suspected of being 
mutagenic. However, to be conservative it is considered a possible mutagen 
in this risk assessment. 


Studies on 2,4-D and on 2,4-DP have indicated both positive and negative 
mutagenic potential. EPA has requested more mutagenicity test information 
for both of these compounds. A number of comprehensive reviews of the 
2,4-D mutagenic data have indicated that it does not pose significant risk 
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of human gene mutations (USDA, 1984). The risk of heritable mutations from 
2,4-D may be comparable to the estimates of cancer risk. 


Mutagenic tests with 2,4-DP have shown mixed results. 2,4-DP was not 
mutagenic in four microbial assays but was mutagenic in four other assays; 
therefore, it may have limited genotoxic potential. Based on the limited 
test data presented in section 3, one cannot presume mutagenic hazard, 
because no in vivo or mammalian assays have been conducted. However, to be 
conservative, it may be assumed that 2,4-DP is mitagenic and the mutagenic 
risk may be comparable to the risk of cancer. 





The majority of mutagenicity assays on diesel oil and kerosene were 
negative. However, both contain small amounts of the carcinogenic 
compounds benzene and benzo-a-pyrene. The risk of these light fuel oils 
causing heritable mutations should be very low, judging by the low risk of 
their causing cancer, as discussed previously. 


RISK OF SYNERGISTIC AND CUMULATIVE EFFECTS AND EFFECTS ON SENSITIVE 
INDIVIDUALS 


Synergistic Effects 


Synergistic effects of chemicals are those that occur from exposure to two 
chemicals either simultaneously or within a relatively short period of 
time. Synergism occurs when the combined effects of two chemicals is 
greater than the sum of the effects of each agent given alone (simple 
additive effect). For example, a mixture of the herbicides 2,4-D and 
picloram has produced skin irritation in test animals, while neither 
herbicide alone has been found to be a skin irritant. Cigarette smoke and 
asbestos are both known carcinogens. When inhaled in combination, they 
have been found to increase cancer risk eightfold above the risk of persons 
inhaling asbestos who do not smoke. 


Evidence of Synergistic Effects From Pesticides 


However, instances of chemical combinations that cause synergistic effects 
are relatively rare. Kociba and Mullison (1985) in describing 
toxicological interactions with agricultural chemicals state: 


Our present scientific knowledge in toxicology indicates than an 
exposure to a mixture of pesticides is more likely to lead to 
additivity or antagonism rather than synergism when considering the 
toxicological effects of such a combination. To be conservative and 
for reasons of safety, an additive type of toxicological response is 
generally assumed rather than an antagonistic type of response. 


In the case of registered pesticides, a great amount of toxicological 
information is developed during the research and development of each 
individual pesticide. In addition to this information on individual 
pesticides, short term toxicity studies are always done prior to the 
selling of a pesticide mixture. Should synergism unexpectedly be 
present in a proposed commercial mixture of two pesticides, it would be 
identified in such cases and would then be dealt with accordingly. In 
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toxicological tests involving a combination of commercial pesticides, 
Synergism has generally not been observed. 


The herbicide mixtures that are used in the Forest Service's program have 
not shown synergistic effects in humans. But, synergistic toxic effects of 
herbicide combinations other than EPA-registered commercial mixtures are 
not normally studied. Time and money normally limit toxicity testing to 
the effects of the herbicides individually. Combinations that could be 
tested are too numerous to make that testing feasible. Combinations of 
interest in this risk assessment include not only combinations of 2 or more 
of the 11 herbicides (there are 55 possible combinations of 11 herbicides 
taken 2 at a time), but also combinations of the herbicides with other 
chemicals, such as insecticides. Based on the limited amount of data 
available on pesticide combinations, it is possible but quite unlikely that 
synergistic effects could occur as a result of exposure to two or more of 
the herbicides considered in this analysis. 


Likelihood of Exposure to Two Herbicides 


It is highly unlikely that synergistic adverse effects could result from 
exposure to more than one herbicide applied in separate projects. There 
are several reasons for this. First, unlike the situation in conventional 
agriculture, herbicide residues in plants and soil are not expected to 
persist from one application to another, even for the more persistent 
herbicides. 


Second, the 11 herbicides are known to be rapidly excreted from the body 
(see section 3). None of the herbicides has been found to accumulate in 
test animal body tissues, so exposure of an individual to two herbicides at 
different times would be unlikely to cause simultaneous residues within the 
body. 


Third, public exposures to the herbicides should be low, except for 
accidents, and should occur only infrequently. The probability of an 
accidental exposure to any single herbicide is extremely low. Because the 
probability of a member of the public receiving a large exposure is so low 
for one herbicide, the probability of simultaneous large exposures to two 
herbicides is negligible. This is because the probability of two 
independent events occurring simultaneously is the product of the 
probabilities of the individual events. For example, if the probability of 
a person's receiving a certain exposure is 1 in 1,000 for each of two 
herbicides, the probability of receiving that exposure to both herbicides 
would be 1 in 1 million. 


Risks From Herbicide Mixtures 


Simultaneous exposure to more than one chemical is likely in cases where 
those chemicals are combined in a single spray mixture. Although most 
vegetation control projects in the EIS area would involve only a single 
herbicide, some areas would be treated with a mixture of herbicides, but 
only mixtures that have been approved for use by EPA. 
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The EPA guidelines for assessing the risk from exposures to chemical 
mixtures (EPA, 1986e) recommend using additivity models when little 
information exists on the toxicity of the mixture and when components of 
the mixture appear to induce the same toxic effect by the same mode of 
action. They suggest in their discussion of interactions (synergistic or 
antagonistic effects) of chemical mixtures that "There seems to be a 
consensus that for public health concerns regarding causative (toxic) 
agents, the additive model is more appropriate than any multiplicative 
model." 


The EPA guidelines suggest using a hazard index, HI, as the model of 
additivity based on the dose and toxicity reference level (NOEL) for each 
chemical as follows: 


HI = Dy /Ly + Do/Lo 
where: 


Dy is the dose of the th component and 
Ly is the level of safety (NOEL) 


As HI approaches 1, the risk from the mixture becomes greater and greater. 
On the basis of the highest exposures for workers in this risk assessment 
for systemic effects using the Weedone CB mixture of 2,4-D and 2,4-DP, the 
HI is 0.0040434. This amount shows little possibility of toxic effects. 
The inverse of this HI is 247, representing an MOS slightly lower than for 
the 2,4-D in the mixture alone. 


Cumulative Effects 


Cumulative effects are not likely to occur because none of the herbicides 
are persistent in the environment or in the human body, so no member of the 
public is likely to be chronically exposed through the Forest Service's 
program nor receive simultaneous exposures from these same herbicides used 
in any other programs. 


There are instances when it could be argued that cumulative doses would 
occur. If an area is resprayed with an herbicide before herbicide from the 
previous spraying has been totally degraded, or if another use of the same 
herbicide occurs in the same area and overlaps its degradation in time, 
then it is possible for larger herbicide doses to occur than from a single 
application. Cumulative exposure also could occur in individuals who use 
one of the herbicides in their lawn or garden work or are exposed to an 
herbicide from nearby agricultural areas and are then exposed to the same 
herbicide as a result of the Forest Service application program. 


Although herbicide doses from the other types of sources mentioned were not 
evaluated in the risk assessment, adverse health effects from cumulative 
doses in this program were analyzed. The total dose from various exposure 
routes estimated in this analysis should be greater than what a person 
would normally contact. This is because the assumptions in the risk 
assessment overestimate exposures from eating, drinking, and coming in 
contact with vegetation. To the extent that these estimates are large 
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enough to cover exposure from other unknown sources, the risks from the 
hypothetical cumulative exposures should be no greater than the risks 
already discussed in this assessment. 


Effects on Sensitive Individuals 


Individual Sensitivity 


Doull et al. (1980) describe "hypersensitivity" as the response of subjects 
at the lower end of the frequency distribution in a quantal dose-response 
curve. Quantal means a subject either exhibits the toxic response or does 
not, at a given dose level. If the response of a population of test 
animals to varying doses of a chemical follows a normal distribution 
(bell-shaped curve), the hypersensitive individuals are those on the left 
side of the curve that respond at much lower doses than the average. For 
example, if the average individual responds with toxic symptoms at a dose 
of 100 mg/kg and the standard deviation of the response is 30 mg/kg, about 
95 percent of the individuals will have responded with those symptoms at 
doses from 40 to 160 mg/kg. More than 99 percent will have responded at 
doses from 10 to 190 mg/kg. Less than 0.15 percent of the population will 
have experienced toxicity at doses lower than 10 mg/kg. Applying this 
distribution of response to humans would mean that in a population of 
10,000, fewer than 15 individuals would be likely to experience toxicity at 
doses lower than 10 mg/kg. Those 15 individuals could be considered the 
hypersensitive individuals in the population. 


Although a safety factor of 10 has traditionally been used by regulatory 
agencies (NAS, 1977) to account for intraspecies (that is interindividual) 
variation, Calabrese (1985) has shown that human susceptibility to toxic 
substances can vary by two to three orders of magnitude. Calabrese 
examined a number of studies of human responses to chemicals and found that 
the safety factor of 10 accounts for effects in 80 to 95 percent of a 
population. 


Factors Affecting the Sensitivity of Individuals. Factors that may affect 
individual susceptibility to toxic substances include diet, age, heredity, 
preexisting diseases, and life style (Calabrese, 1978). These factors have 
been studied in detail for very few cases, and their significance in 
controlling the toxicity of the proposed herbicides is not known. However, 
enough data have been collected on other chemicals to show that these 
factors can be important. 


Elements of the diet known to affect toxicity include vitamins and 
minerals. For example, the mineral selenium can prevent the destruction of 
blood-forming tissues by chronic heavy exposure to benzene. Large doses of 
vitamin C have also been shown to protect animals and humans from toxic 
effects of chronic benzene exposure. Vitamin A seems to have a 
preventative effect on cancer induced by chemicals such as benzo(a)pyrene 
(found in cigarette and wood smoke) and DMBA. This effect has been seen in 
laboratory animals and human epidemiological studies. The food additives 
BHT and BHA may also be active in preventing the carcinogenicity of 
benzo(a)pyrene. Various levels of the B vitamin riboflavin also have been 
tested with BaP with mixed results. Vitamin C has been shown to prevent 
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nitrites from combining with amines to form nitrosamines, and vitamin E 
seems to be at least as effective. These vitamins would be likely to 
prevent formation of N-nitrosoatrazine and N-nitrosoglyphosate if 
conditions were otherwise favorable for their formation in the human 
stomach (Calabrese and Dorsey, 1984). 


Genetic factors are also known in some cases to be important determinants 
of susceptibility to toxic environmental agents. Susceptibility to 
irritants and allergic sensitivity vary widely among individuals and are 
known to be largely dependent on genetic factors. Race has been shown to 
be a significant factor influencing sensitivity to irritants, and some 


investigations have indicated that women may be more sensitive than men 
(Calabrese, 1984). 


Various human genetic conditions have been identified as possibly enhancing 
susceptibility to environmental agents. For example, persons with beta 
thalassemia may be at increased risk when exposed chronically to benzene. 
However, only one condition, G-6-PD deficiency, has been demonstrated 
conclusively to cause enhanced susceptibility to industrial pollutants. 
Several other genetic conditions have been shown to involve defects in the 
cellular mechanisms for repair of damage to DNA. Persons with these 
diseases share an increased sensitivity to the effects of UV light, which 
can cause cancer. Cells from individuals with at least one of these 
diseases, xeroderma pigmentosum, also are sensitive to a variety of 


chemical substances implicated as causative agents of human cancers. 
(Calabrese, 1984) 


Persons with other types of preexisting medical conditions also may be at 
increased risk for toxic effects. For example, sensitivity to chemical 
skin irritants can be expected to be greater for people with a variety of 
chronic skin ailments. Patients with these conditions may be advised to 
avoid occupational exposure to irritating chemicals. (Shmunes, 1980, as 
cited in Calabrese, 1984) 


Allergic Hypersensitivity 


A particular form of sensitivity reaction to a foreign substance is 
allergic hypersensitivity. Allergic hypersensitive reactions may be 
immediate, such as in anaphylactic reactions to insect bites or penicillin 
injections; or they may be delayed as in the case of immune responses to 
tuberculin tests or contact dermatitis caused by poison ivy. The severe, 
immediate anaphylactic reactions, which can be fatal if not treated within 
minutes, are antigen-antibody reactions that require large, complex organic 
molecules to initiate the sensitivity. The delayed allergic hypersensitive 
reactions are usually directed against whole cells (bacteria, viruses, 
fungi) but, as in contact dermatitis, may be induced by lower molecular 
weight substances such as the catechols of poison ivy, cosmetics, drugs, or 
antibiotics. (Volk and Wheeler, 1983) Benzocaine, neomycin, formaldehyde, 
nickel, chromium, and thiram are all known to produce these reactions 
(Marzulli and Maibach, 1983). 
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Likelihood of Effects in Sensitive Individuals 


Based on the current state of knowledge, individual susceptibility to the 
toxic effects of the 11 herbicides cannot be specifically predicted. As 
discussed above, safety factors have traditionally been used to account for 
variations in susceptibility among people. The margin-of-safety approach 
used in this risk assessment takes into account much of the variation in 
human response as discussed earlier by Calabrese (1985). As described in 
the introduction to this risk assessment, a safety factor of 10 is used for 
interspecies variation; an additional safety factor of 10 is used for 
within-species variation. 


It is believed that the normal margin of safety of 100 for both types of 
variation is sufficient to ensure that most people will experience no toxic 
effects. However, unusually sensitive individuals may experience effects 
even when the margin of safety is equal to or greater than 100. In 
particular, in instances in the risk assessment where margins of safety are 
less than 100 for an exposure to a particular herbicide, it is possible 
that an exposed sensitive individual would experience toxic effects, 
whereas the average person would not. It must be noted, however, that in 
most applications that will actually occur when the program is implemented, 
no member of the public is likely to be exposed. Furthermore, because 
sensitive individuals constitute only a fraction of the population at 
large, it is highly unlikely that a sensitive individual would be exposed 
in any Forest Service application. It must also be noted that most public 
exposures that have been estimated to occur in this risk assessment are 
very low. 


None of the herbicides in the Forest Service program is of high molecular 
weight, so the immediate allergic reactions and the delayed allergic 
reactions, except for contact dermatitis, are very unlikely as possible 
toxic effects. Some people may develop contact dermatitis from herbicide 
exposure, but this type of reaction would most likely be limited to workers 
who handle the herbicides regularly and are exposed to relatively large 
amounts on a number of occasions. The small, infrequent exposures of the 
public should limit the possibility of this type of reaction. 
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Section 6 
WILDLIFE AND AQUATIC SPECIES HAZARD ANALYSIS 


This section summarizes the toxicity of the herbicides proposed for use in 
Region 8 to wildlife and aquatic species. The term wildlife as used in 
this section refers to mammals, birds, reptiles, amphibians, and insects; 
aquatic species include fish, aquatic invertebrates, and aquatic 
life-stages of amphibians. Wildlife and aquatic species are discussed in 
separate subsections, each with an introduction that includes information 
on toxicity classifications and terminology. Common and scientific names 
for all species discussed are given at the end of section 8 in table 8-35. 


WILDLIFE HAZARD ANALYSIS 


This hazard analysis summarizes the findings of laboratory and field 
studies that indicate the toxicity to wildlife of the herbicides and 
additives proposed for use in Region 8. In many cases, laboratory studies 
of domestic animals have been used because of a lack of studies 
specifically on wildlife. The results of domestic animal studies are 
considered to be representative of the effects that would occur in similar 
species in the wild. 


Differences in sensitivity to toxic substances that occur between species 
are primarily accounted for by differences in metabolism (Calabrese, 
1983). Other important factors that also account for these differences in 
sensitivity are absorption, plasma protein binding, biliary excretion, and 
intestinal microflora (Calabrese, 1983). 


Rodent toxicity studies, as well as carcinogenicity and mutagenicity 
results, have already been summarized in section 3, the Human Health Hazard 
Analysis. They will not be repeated in detail here. The relative toxicity 
of the chemicals, based on the range of LD59 values, was based on the 

same toxicity categories used by EPA for humans (see section 3). The 
toxicity rating used in this risk assessment for honey bees is that of Dr. 
Larry Atkins (University of California). It is based on the amount of 
herbicide required to kill a bee: less than 2 micrograms (ug)/bee is 
classified as highly toxic, 2 to 11 ug/bee is moderately toxic and greater 
than 11 ug/bee is relatively nontoxic (Al Vaughan, Ecological Effects 
Branch, Hazard Evaluation Division, EPA, personal communication, 1987). 


The acute toxicity of the Region 8 herbicides and additives to rats and 
mallards is summarized in table 6-1. 


2,4-D 





2,4-D is moderately toxic to vertebrate species (table 6-2). There are 
significant differences in toxicity to vertebrates among the forms of 224=D 
(amines, butyl esters, isooctyl esters, and propylene glycol butyl ether 
esters) (Ghassemi et al., 1981). In many instances, toxic response to a 
specific 2,4-D formulation appears to be species-specific (USDA, 1984). 


b=) 


Table 6-1 


Acute toxicity of Region 8 herbicides and additives 
to rats and mallard ducks 


Oral LDs5g 
(mg/kg) 
Herbicide/Additive Rat Mallard 
2, 4—) 

Acid 375 >2,000 
Butyl ester 620 > 2,020 
Tae Ds Doz No data 

Dicamba Thee >2,510 (Banvel) 

Fosamine 24,400 >5,000 
Glyphosate 4,320 >2,0004 
Hexazinone 690 approx. 1,250b 
Imazapyr >5,000 Piao 
Kerosene >28,000 No data 
Diesel Oil 27. 300 16,400 
Limonene >5,000 No data 
Picloram 8,200 >2,000 
Sulfometuron methyl >5,000 >5 ,000 
Tebuthiuron 644 >2,000 
Triclopyr technical 630 1,648 
Garlon 3A (amine) 24830 No data 
Garlon 4 (ester) 2,140 >4,640 


a 


Bobwhite; no value for the mallard is available. 
bpased on a dietary LCs5g for mallards of 10,000 ppm and a conversion 
factor of 0.125 mg/kg/day per ppm in diet for chicks (Lehman, 1954). 


Table 6-2 


Acute oral toxicity of 2,4-D to mammals and birds 








LD59 
Species Form of 2,4-D (mg/kg) 

Rat Acid 3754 

Butyl ester 6204 

Mouse Acid 3684 

Butyl ester 3804 

Guinea pig Acid 4694 

Butyl ester 8484 

Rabbit Acid 8004 

Butyl ester 424a 

Dog Acid 1004 

Cat Butyl ester 8204 

Cattle Butyl ester 1002 
Mule deer (8-11 months) Acid 400 to 800b 

Chicken Acid 5414 

Butyl ester 2,0004 

Mallard (3-5 months) Acid >2,000b 

(4 months) Amine (4 1b a.e./gal) >2,025b 

Pheasant (3-4 months) Acid 472b 

Pigeon Acid 6684 

Japanese quail (2 months) Acid 668D 
Chukar (4 months) Acid 200 to 400b 


4Source is USDA, 1984. 


Pgource is Hudson et al., 1984. 


Ons 


Oral LDs5g's in mammals range from 100 mg/kg for dogs, cattle, and swine 
to 848 mg/kg for guinea pigs (USDA, 1984; Ghassemi et al., 1981). Toxic 
effects include gastrointestinal disturbances, weight loss, muscle 
weakness, and loss of coordination (USDA, 1984). Mild to moderate eye, 
skin, and respiratory irritation is caused by some formulations (USDA, 
1984). No teratogenic or reproductive effects have been observed in rats 
(EPA, 1986a). 


In birds, acute oral LD59's range from 472 mg/kg in pheasants (3 to 

4 months old) to more than 2,000 mg/kg in mallards (4 months old) (Hudson ' 
et al., 1984). Toxic effects include excessive thirst and salivation, 
tremors, exhaustion, and imbalance (Hudson et al., 1984). Eight-day 
dietary studies with the dimethylamine salt of 2,4 D and the butoxyethanol 
ester of 2,4-D yielded LC59 values of more than 5,000 ppm for Japanese 
quail, bobwhite quail, ring-necked pheasants, and mallard ducks (Hill et 
al., 1975, as cited in USDA, 1984). No reproductive or teratogenic effects 
were observed in the eggs of chickens and pheasants when sprayed with 
various forms of 2,4-D, even at dosage levels of up to 20 times the 
recommended field application rate (USDA, 1984). Chicken eggs injected 
with 2,4-D to give concentrations of 10, 50, 100, 200, and 300 ppm in the 
eggs resulted in hatching success rates of 83, 100, 71, 62 and O percent, 
respectively, of the control hatch (Dunachie and Fletcher, 1970, as cited 
in USDA, 1984). The LC59 of mallard eggs immersed in an aqueous emulsion 
of 2,4-D was a concentration equivalent to a field application rate of 215 
kg/ha (192 1b/ac), which is 128 times the regional average field 
application rate of 1.68 kg/ha (1.5 lb/ac) (Hoffman and Albers, 1984). 


The bioaccumulation ratio is low for tested animals exposed to 2,4-D, and 
accumulated residues are rapidly excreted once exposure ceases (Norris, 
1981, as cited in USDA, 1984). Very few monitoring data exist on 2,4-D 
levels found in wildlife. However, studies by Erne (1974) in Sweden found 
levels of 2,4-D residues that ranged from 0.05 to 6 mg/kg in liver and 
kidney tissue of 250 samples of wildlife (including moose, roedeer, 
reindeer, red deer, fallow deer, hares, pheasants, grouse, and other 
species) taken by hunters or found dead during the period 1968 to 1972. 


There is some indication in the literature that after treatment with 2,4-D, 
there is increased palatability (and possibly increased toxicity) of 
normally unpalatable weeds (Irvine et al., 1977). This was observed in 
ragwort (Senecio jacobaea, Britain's most serious poisonous weed to 
domestic livestock) after 2,4-D application (Irvine et al., 1977). 
Increased palatability was thought to be related to an increased 
water-soluble carbohydrate content. The authors reported that 2,4-D also 
may have increased the total unsaturated pyrrolizidine alkaloid content, 
thus increasing the plant's toxicity. Based on the results of this study, 
it was suggested that cattle be withheld from pastures for about 3 weeks 


after application of 2,4-D. Effects on grazing wildlife have not been 
reported. 


Based on studies with honey bees, insects appear to be relatively tolerant 
to high levels of 2,4-D (USDA, 1984). The LD59 of 2,4-D for honey bees 
ranged from 11.525 ug/bee for an unspecified route of exposure to 

105 ug/bee administered orally (USDA, 1984). Bees fed purified 2,4-D had 
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decreased lifespans (approximately half the lifespan of bees exposed to 
lower doses) at 1,000 ppm; however, lifespans were not shortened in bees 
fed up to 1,000 ppm of the butoxyethanol ester, isooctyl ester, or the 
dimethylamine salt of 2,4-D (USDA, 1984). A temporary decrease in 
reproductive rate was observed in bees fed 100 ppm or more of an 
unspecified 2,4-D formulation (presumed to be an acid), although no effects 
were observed at 10 ppm. The effect was reversible and abated when 
exposure was stopped (USDA, 1984). 


2,4-DP 


Technical 2,4-DP is slightly toxic to mammals based on acute oral LD59's 

of 532 mg/kg in rats and 650 mg/kg in mice (EPA, 1984a). Technical 2,4-DP 
caused slight eye and dermal irritation in rabbits (EPA, 1984a). The acute 
oral LD59 for the Weedone formulation in rats is 2,200 mg/kg (EPA, 

1984a). Toxic effects in rats in this study included depression, excessive 
salivation, and reduced motor activity and coordination. Weedone caused no 
dermal irritation and slight eye irritation in rabbits (EPA, 1984a). 
Technical 2,4-DP caused teratogenic effects in rabbits at 25 mg/kg, but 
caused no effects in rats at 100 mg/kg, the highest dose tested (EPA, 
1984a). If 2,4-DP behaves similarly to 2,4-D, then animals would 
bioaccumulate 2,4-DP very slightly, and absorbed material would be rapidly 
excreted in its unmetabolized form (USDA, 1984). 


Injection of 2,4-DP into chicken eggs caused reduced hatching at 100 ppm 
and complete inhibition of hatching at 200 ppm (Dunachie and Fletcher, 
1970, as cited in USDA, 1984). No other toxicity data are available for 
birds. If the toxicity of 2,4-DP is similar to that of 2,4-D, then 2,4-DP 
would be of low toxicity to birds (USDA, 1984). 


The toxicity of 2,4-DP to invertebrate species is expected to be similar to 
that of 2,4-D, which is slightly toxic to most insects (USDA, 1984). 


Dicamba 


Technical dicamba is slightly toxic to mammals based on oral LDs5qg's of 

757 mg/kg in rats and 1,189 mg/kg in mice (USDA, 1984). The oral LDs5o 

for guinea pigs is 3,000 mg/kg and for rabbits is 2,000 mg/kg (HSDB, 
1987a). Technical dicamba caused mild dermal irritation and mild to 
moderate eye irritation in rabbits (EPA, 1986b). The acute oral LD5o of 
the Banvel formulation is 1,707 mg/kg in rats (USDA, 1984). A study with 
Banvel showed that the chemical has a moderate potential for causing dermal 
sensitization in guinea pigs (EPA, 1986b). Ten daily oral doses of 250 
mg/kg of the Banvel D formlation, or one oral dose of 1,000 mg/kg, caused 


no adverse effects in sheep (Palmer and Radeleff, 1969). However, two 
doses of 500 mg/kg of Banvel D caused death in sheep (Palmer and Radeleff, 
1969). No toxicity studies with wildlife species have been reported. 


Dicamba has not been observed to be teratogenic in rats and rabbits (EPA, 
1986b). In a three-generation reproduction study with rats, no 
reproductive effects occurred at the highest dose tested, 25 mg/kg/day (EPA 
1986b). Dicamba is rapidly excreted in urine, primarily in its parent 
form, although some is excreted either as a conjugate with glucoronic acid 
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or as 3,6-dichloro-2-hydroxybenzoic acid, and dicamba does not 
bioaccumulate in animal tissues (USDA, 1984). 


The Environmental Protection Agency (1983a) has characterized technical 
dicamba and formulated dicamba acid and its salts as practically nontoxic 
to avian wildlife in dietary exposures. The 8-day dietary LC5g of 
technical dicamba acid is greater than 10,000 ppm in both bobwhite quail 
and mallard ducks (EPA, 1983a). An acute oral LD59 of 673 mg/kg was 
reported for technical dicamba in pheasants (USDA, 1984). The acute oral 
LD5g's of the formulated products were all greater than 2,510 mg/kg in 
mallards, and 8-day dietary LC59's were all greater than 4,640 ppm in 
mallards and bobwhite quail (EPA, 1983a). Results of avian toxicity 
studies on formulated products of dicamba are summarized in table 6-3. 


No teratogenic effects were observed in chicken eggs injected with dicamba; 
however, hatching success was reduced at the highest dose tested of 400 ppm 
(USDA, 1984). The LC59 of mallard eggs immersed in an aqueous solution 

of dicamba was greater than a concentration equivalent to a field 
application rate of 200 1b/ac, which is more than 100 to 400 times the 
recommended field application level in Region 8 (Hoffman and Albers, 

1984). However, eye malformations and stunted growth were observed at 
unspecified levels that were below the reported LC59 (Hoffman and Albers, 
1984). 


Most invertebrate studies indicate that dicamba is relatively nontoxic to 
insects. The oral LDs5g of dicamba for honey bees ranged from 3.6 ug/bee 
to greater than 10 ug/bee (USDA, 1984). Contact studies with dicamba 


reported LD5g's of greater than 100 ug/bee and greater than 91 ug/bee 
(2.6 percent mortality was observed at 91 ug/bee) (USDA, 1984). Such doses 


Table 6-3 


Results of avian toxicity studies with formulated dicamba 


Formulation Mallard Bobwhite Quail 


4 1b/gal dimethylamine Oral LD5g >2,510 mg/kg 


salt (Banvel) Dietary LC59 >4,640 ppm Dietary LC59 >4,640 ppm 
1 1b/gal dimethylamine Oral LDs5g >2,510 mg/kg 

salt (Banvel CST) Dietary LC59 >5,620 ppm Dietary LC50 >5,620 ppm 
55% aluminum salt Oral LD5g >2,510 mg/kg 


Dietary LC59 >5,620 ppm Dietary LC509 >5,620 ppm 


2 1b/gal sodium salt Dietary LC59 >10,000 ppm Dietary LC509 >10,000 ppm 


LL 


Source: EPA, 1983a. 
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far exceed those encountered in the field because a field application of 
1.12 kg/ha (1 1b/ac) would result in a contact dose equivalent to 1.25 
ug/bee (Ghassemi et al., 1981). Ingestion of technical dicamba and the 
Banvel D4S formulation for up to 60 days had no effect on the mortality of 
honey bees at the highest dose tested of 1,000 ppm (Morton et al., 1972, as 
cited in USDA, 1984). Cockroaches fed 1,000 ppm dicamba in food showed no 
developmental or reproductive effects (USDA, 1984). 


Based on current information, EPA (1983a) has concluded that dicamba is 
unlikely to directly affect wildlife species. 


Fosamine 


Based on acute oral LD59 values of 24,400 mg/kg in rats, 7,380 mg/kg in 
guinea pigs, and greater than 15,000 mg/kg in dogs for the Krenite 
formulation (41.5 percent active ingredient), fosamine is very slightly 
toxic to mammals (DuPont, 1983a; USDA, 1984). Although Krenite caused mild 
to moderate skin irritation and no eye irritation in rabbits (DuPont, 
1983a). The acute oral LD59 of the Krenite S formulation (Krenite with 
surfactant added) is greater than 5,000 mg/kg in rats (DuPont, 1983a). 
Although Krenite S is not reported to be a dermal irritant, it is reported 
to be a moderate to severe eye irritant in rabbits (DuPont, 1983a). Sheep 
given Krenite in the diet for 90 days showed no adverse effects at doses of 
up to 2,500 ppm, the highest dose tested (Schneider and Kaplan, 1983, as 
cited in USDA, 1984). Unformulated fosamine and Krenite were not 
teratogenic in rats (USDA, 1984). 


Rats administered 57 mg/kg of fosamine eliminated all of the dose within 72 
hours (Chrzanowski et al., 1979). Approximately 87 percent of the dose was 
excreted in the feces and 13 percent in the urine. Thirteen percent of the 
eliminated dose had metabolized to carbamoylphosphonate acid, while the 
remainder was excreted unchanged. No toxicity studies with 
carbamoylphosphonate acid are available. 


Unformulated fosamine is very slightly toxic to birds based on acute oral 
LD59's of greater than 5,000 mg/kg in mallard ducks and bobwhite quail 
(Schneider and Kaplan, 1983, as cited in USDA, 1984). The 8-day dietary 
LC59 of unformulated fosamine is greater than 10,000 ppm in mallards and 
bobwhite quail (Schneider and Kaplan, 1983, as cited in USDA, 1984). The 
acute oral LD509 of formulated fosamine is greater than 10,000 mg/kg in 
bobwhite quail and mallard ducks (DuPont, 1983a). 


According to a study by Lutz-—Ostertag (1983), the ammonium salt of fosamine 
(solutions of 1 to 5 percent) is teratogenic when sprayed directly onto 
fertilized eggs of quail and chickens; quail eggs are more frequently and 
severely affected. Teratogenic effects in the quail and chick embryos 
included slight to severe malformations. Embryotoxicity to these species 
was considered low (Lutz—-Ostertag, 1983). 


In a study recently submitted for publication by Dr. D. Hoffman of the U.S. 
Fish and Wildlife Service, Patuxent Wildlife Research Center, fertile 
bobwhite quail and mallard duck eggs submerged in 1.5-, 6.5-, and 
30-percent fosamine solutions showed no teratogenic effects. 
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Embryotoxicity was observed at the higher concentrations. However, because 
the exposure method (submersion) and test concentrations greatly exaggerate 
the likely field exposures, fosamine is not considered hazardous to avian 
species (O'Neal, 1987). 


Based on effects observed in honey bees, fosamine appears to be only 
slightly toxic to insects (USDA, 1984). The contact LC59 was greater 
than 10,000 ppm when bees were sprayed with a 42-percent formulation of 
fosamine ammonium salt (Schneider and Kaplan, 1983, as cited in USDA, 
1984). The LD59 was greater than 200 ug/bee when fosamine was dissolved 
in solvent and applied directly to bees (O'Neal, 1987). 


Glyphosate 


Glyphosate is generally recognized to be of low toxicity in the environment 
(USDA, 1984). Acute oral LDs59's are 4,320 mg/kg for the rat and 3,800 
mg/kg for the rabbit (EPA, 1984b; USDA, 1984). Based on these values, 
glyphosate can be considered slightly toxic. 


Oral LDs5g values for the Roundup and Rodeo formulations in rats are 

5,400 mg/kg and greater than 5,000 mg/kg, respectively (Monsanto, 1983, 
1985). The oral LD5g of Roundup for goats is 4,860 mg/kg (Monsanto, 
1985). Glyphosate, Roundup, and Rodeo are reported to be practically 
nonirritating or slightly irritating to the eyes and skin of rabbits 
(Monsanto, 1983, 1985). Based on a 26-month feeding study, a NOEL of 
greater than 31 mg/kg/day was established for rats (EPA, 1986c). Ina 
l-year oral study with dogs, a NOEL of 500 mg/kg/day (HDT) was determined 
(EPA, 1987). Glyphosate has caused no reproductive or teratogenic effects 
in rats or rabbits (EPA, 1984b). 


Studies conducted on black-tailed deer in pens in the Pacific Northwest 
showed no gross adverse health effects caused by the use of glyphosate for 
vegetation management (Sullivan, 1985). Glyphosate-treated browse and 
commercial chow were as acceptable for consumption by deer as untreated 
food. Likewise, glyphosate-induced weed and shrub control did not 
adversely affect deer use of treated habitat areas for at least the first 
year after treatment. 


In a study to evaluate the direct effects of glyphosate on small mammals, 
no adverse effects on reproduction, growth, or survival were observed in 


populations of deer mice during the year following treatment (Sullivan, 
1985). 


Glyphosate is slightly toxic to birds based on the acute oral LD59 of 
greater than 2,000 mg/kg in bobwhite quail (EPA, 1986d). The 8-day dietary 
LC59 is more than 4,000 ppm for both mallard ducks and bobwhite quail 

(EPA, 1986d). Avian reproduction studies yielded no reproductive effects 
at dietary exposure levels of up to 1,000 ppm (EPA, 1986d). 


Residue and metabolism studies have indicated that glyphosate is slowly 
absorbed across the gastrointestinal membranes and that in the vertebrates 
tested, there is minimal metabolism or retention by tissues and rapid 
elimination of residues (Monsanto, 1982). 
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Glyphosate is relatively nontoxic to insects based on the 48-hour acute 
toxicity of greater than 100 ug/bee in honey bees (EPA, 1986e). 


Hexazinone 


Based on toxicity data for birds and mammals, hexazinone presents a low 
hazard to wildlife species (EPA, 1982). The acute oral LDs5g of technical 
hexazinone is 1,690 mg/kg in rats, 860 mg/kg in guinea pigs, and 2,258 
mg/kg in bobwhite quail (EPA, 1984c; EPA, 1982). The acute oral LD5q9 of 
a 25-percent hexazinone solution is 6,887 mg/kg in rats (DuPont, 1984). 
The 8-day dietary LC59's of greater than 10,000 ppm for mallards and 
greater than 5,000 ppm for bobwhite quail indicate that technical 
hexazinone is practically nontoxic to birds (EPA, 1982). Formulated and 
unformulated hexazinone were irritating to the eyes but not to the skin of 
rabbits and guinea pigs (USDA, 1984; EPA, 1982). Hexazinone has not been 
observed to cause teratogenic or reproductive effects in rats or rabbits 
(EPA, 1984c; USDA, 1984). No appreciable bioaccumulation of hexazinone 
occurs in animal tissues (USDA, 1984). Hexazinone is readily metabolized 
and is rapidly excreted in the urine and feces of animals (USDA, 1984). 


Hexazinone is relatively nontoxic to insects (DuPont, 1984). The LD59 of 
a topical application of a 90-percent soluble powder of hexazinone is 
greater than 60 ug/bee for honey bees (DuPont, 1984). 


Imazapyr 


Imazapyr is slightly toxic to mammals based on acute oral LD509's ranging 
from greater than 2,000 mg/kg in mice to greater than 5,000 mg/kg in rats 
(table 6-4) (EPA, 1985a; American Cyanamid Company, 1985). Technical 
imazapyr and the Arsenal formulation are reported to be irritating to the 
eyes and mildly irritating to the skin of rabbits but are reported as 
nonsensitizing to guinea pigs (EPA, 1985a; American Cyanamid Company, 
1985). No teratogenic effects were observed in rats or rabbits (American 
Cyanamid Company, 1985). Imazapyr is rapidly eliminated in the urine and 
feces and does not appear to accumulate in animal tissues (EPA, 1985a). 


Imazapyr is characterized by EPA (1985a) as practically nontoxic to avian 
species. Acute oral LD59's of technical imazapyr and the Arsenal 
formulation are greater than 2,150 mg/kg (HDT) in bobwhite quail and 
mallards (table 6-4) (American Cyanamid Company, 1984; EPA, 1985a). 
Dietary LC59's for formulated and unformulated imazapyr are greater than 
5,000 ppm (HDT) for mallards and bobwhites (American Cyanamid Company, 
1984). No adverse effects were observed at any of these doses. 


Imazapyr appears to be relatively nontoxic to insects. The LD59's for 
honey bees of technical imazapyr are greater than 100 ug/bee (HDT), and the 


Arsenal formulation is greater than 25 ug/bee (HDT) (American Cyanamid 
Company, 1984). No effects were observed at either of these doses. 


Light Fuel Oil 


Kerosene and diesel oil are very slightly toxic to mammals based on the 
acute oral LD59's of greater than 28,000 mg/kg and 7,380 mg/kg, 


629 


Table 6-4 


Acute oral toxicity of imazapyr to mammals and birds 


LDso 
Species (mg/kg) 
Rat >>. 0002 
Mouse >2, 0008 
Rabbit >2,0008 
Bobwhite quail >2,150> 
Mallard duck >2,150> 


4Source is American Cyanamid Company, 1985. 
bgource is EPA, 1985a. 


respectively, in rats (HSDB, 1987b; Beck et al., 1982). Toxic effects 
include loss of muscle coordination, nausea, languor, drowsiness, rapid 
heart beat, and shallow respiration (ITII, 1976). Diesel oil is extremely 
irritating to the skin of rabbits but nonirritating to the eyes (Beck et 
al., 1982). Kerosene is mildly irritating to the skin and eyes of _rabbits 
and nonsensitizing in guinea pigs (Beck et al., 1982). Dermal exposure to 
6,560 mg/kg of diesel oil for 3 weeks caused a 67-percent mortality rate in 
rabbits (API, 1982). Dermal exposure to kerosene for 28 days caused skin 
and liver lesions in rabbits at the highest dose tested of 2,000 mg/kg but 
not at the next highest dose of 1,000 mg/kg (API, 1983). Other adverse 
effects to the skin of the treated animals were observed at all three doses 
tested (200, 1,000, and 2,000 mg/kg), including cracking, scab formation, 
necrosis, and ulcerations (API, 1983). No teratogenic effects were 
observed in rats when exposed to kerosene and diesel vapors during 
gestation (Mecler and Beliles, 1979; Beliles and Mecler, 1982). 


Diesel oil is very slightly toxic to birds when ingested based on the acute 
oral LD59 of greater than 16,400 mg/kg (greater than 20 ml/kg) in 

mallards (Hudson et al., 1984). The toxic effects included weakness, 
diarrhea, and regurgitation. However, diesel oil appears to cause adverse 
reproductive effects in birds. Traces of oil in a mallard's diet sharply 
reduce egg production (Biderman and Dury, 1980, as cited in U.S. Department 
of Energy, 1983). Application of only 1 microliter (ul) of No. 2 fuel oil 
on mallard eggs significantly reduced survival and hatchability (Szaro et 
al., 1978). In the same study, application of 5 ul reduced hatching 
success to 18 percent, and 20 ul killed all embryos. Similar toxicity was 
noted in pheasant eggs sprayed with diesel oil to runoff, which failed to 
hatch (Kopischke, 1972). Death appears to be related to the aromatic 
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portion of the oil rather than the aliphatic portion (Szaro et al., 1978; 
Hoffman and Albers, 1984). In addition, oil carriers increase the toxicity 


of pesticides to eggs, apparently by increasing penetration through the 
shell and membrane (Hoffman and Albers, 1984). 


Kerosene was not lethal when applied to mallard eggs at doses of 1 to 

50 ul/egg (Hoffman and Albers, 1984). The low toxicity observed in this 
study was believed to be related to the lower aromatic hydrocarbon content 
of kerosene (Hoffman and Albers, 1984). 


Diesel oil is highly toxic to insects based on high mortality of honey bees 
during the first 24 hours after spray treatment (Moffet et al., 1972). No 
information was available on the toxicity of kerosene to honey bees. 
Kerosene and diesel oil, when used as solvents or adjuvants, also have been 


observed to increase the toxicity of insecticides (Lagier et al., 1974; 
Tsuda and Okuno, 1985). 


Limonene 


Limonene is very slightly toxic to mammals based on the acute oral LDs5q 

of greater than 5,000 mg/kg in rats (EPA, 1984d). The acute dermal LDs5q 

is greater than 2,000 mg/kg in rabbits, and the acute inhalation LCs5o is 
greater than 5 mg/l (= 5 ppm) in rats (JLB International Chemical, Inc., 
undated and 1983). Limonene is mildly irritating to the eyes and skin, and 
although inhalation is not harmful, it may cause dryness of the throat (JLB 
International Chemical, Inc., 1987). Ingestion may cause vomiting, nausea, 
and diarrhea. 


EPA has approved the use of limonene for control of ticks and fleas on dogs 
and cats (Sheppard, 1987). No lesions or toxic signs were observed in cats 
dipped in a flea dip containing 78.2 percent limonene at the recommended 
concentration of 1.5 oz/gal (Hooser et al., 1986). At 5 to 15 times the 
recommended concentration, cats exhibited hypersalivation, incoordination, 
and tremors (Hooser et al., 1986). 


No studies have been reported in which the toxicity of limonene to birds 
was evaluated. 


According to Sheppard (1987), limonene is highly toxic to insects, including 
red imported fire ants, house flies, stable flies, black soldier flies, 
paper wasps, fleas, and gray crickets. Death is apparently caused by 

action on the nervous system. 


Picloram 


Picloram is slightly toxic to mammals, based on acute oral LDs5q's ranging 
from greater than 540 mg/kg in calves to 8,200 mg/kg in rats (table 6-5) 
(Lynn, 1965; Jackson, 1965). Technical picloram caused mild eye and skin 
irritation in rabbits (EPA, 1984e). Picloram was not teratogenic in rats 
at the highest does tested of 1,000 mg/kg (EPA, 1984e). In a study by 
John-Greene et al. (1985), picloram was not teratogenic in rabbits at 

400 mg/kg (HDT). The Tordon 101 formulation caused no ill effects in sheep 
at single doses of 1,900 mg/kg, but it caused death at levels of 2,200 
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Table 6-5 


Acute oral toxicity of picloram to mammals and birds 





LD59 
Species (mg/kg) 
Rat 8, 2004 
Mouse 2,000 to 4,0004 
Rabbit approx. 2,0004 
Guinea pig approx. 39,0004 
Sheep >720b 
Calf >5405 
Chicken approx. 6,0004 
Mallard duck >2, 000° 
Pheasant >2, 000° 


4Source is Hudson et al., 1984. 
Source is Jackson, 1965. 
CSource is Lynn, 1965. 


mg/kg and above (Lynn, 1965). Temporary weight loss was the only adverse 
effect seen in calves given Tordon 101 in single doses of 1,900 to 

3,163 mg/kg (Lynn, 1965). No toxic signs or adverse effects on growth were 
observed in sheep given 18 mg/kg/day of technical picloram in the diet for 
33 days (Jackson, 1965). Stimulated growth and improved feed efficiency 
were observed in swine given 22 mg/kg of feed for an unspecified time 
(McCollister and Leng, 1969). Metabolic and residue studies in mammalian 
species indicate that picloram is rapidly eliminated unchanged in the urine 
following ingestion (USDA, 1984). No metabolites have been detected (USDA, 
1984). In addition, picloram does not appear to accumulate to any 
significant extent in animal tissues (USDA, 1984). 


Picloram is slightly toxic to birds based on LDs5g's that range from 
greater than 2,000 mg/kg in mallards and pheasants to approximately 

6,000 mg/kg in chickens (table 6-5) (Lynn, 1965; Hudson et al., 1984). 
Regurgitation occurred shortly after mallards were treated, and pheasants 
exhibited tremors and mild decline of muscle coordination after treatment 
(Hudson et al., 1984). Subacute dietary LC59's for bobwhite and Japanese 
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quail, ring-necked pheasants, and mallard ducks were all greater than 5,000 


ppm (HSDB, 1987c). The 8-day dietary LC5g of the Tordon 101 formulation 
is greater than 10,000 ppm for bobwhite quail and mallard ducks (EPA, 1984e). 


Japanese quail given 100 ppm in a 2-week dietary study showed no effects on 
feathering, reproduction, mortality, and weight (Kenaga, 1969). Ina 
Similar test at 1,000 ppm, egg fertility and hatchability were reduced the 
first week but not the second (Kenaga, 1969). A three-generation study 
with Japanese quail showed no effects on food consumption, reproduction, 
survival, and body weight when given 100, 500, or 1,000 ppm in the diet 
(Kenaga, 1969). Ina l-year study in which Japanese quail were given 

100 ppm to 10,000 ppm in their diet, no effects on reproduction, feeding, 
or body weights were observed. Mortality rates of treated quail were lower 
than those of controls (Kenaga, 1969). 


The LCs5g of mallard eggs immersed in an aqueous emulsion of picloram was 
equivalent to a field application rate of 112 kg/ha (100 1b/acre), which is 
more than 10 times the recommended field application level (Hoffman and 
Albers, 1984). Spray treatment of fertile chicken eggs or ring-necked 
pheasant eggs with a dose equivalent to 2.8 kg/ha (2.5 1b/acre) of Tordon 
101 did not affect embryonic development or subsequent growth of hatched 
chicks (EPA, 1984e). 


Picloram is moderately toxic to insects based on an acute contact LDs5o of 
greater than 14 ug/bee in honey bees (Kenaga, 1979). Honey bees given 
1,000 ppm picloram in a 60-percent sucrose syrup showed no toxic effects 


after 14 days and no increase in mortality compared to the control group 
after 60 days (USDA, 1984). 


Sulfometuron Methyl 


Sulfometuron methyl is very slightly toxic to birds and mammals based on 
acute oral LD59's of greater than 5,000 mg/kg in the rat and mallard duck 
(EPA, 1984f; DuPont, 1983b). It is slightly irritating to rabbit eyes and 
skin but is nonsensitizing to guinea pigs (EPA, 1984f). No teratogenic 
effects have been observed in rats and rabbits exposed to sulfometuron 
methyl (EPA, 1984f); however, lower maternal body weights and decreased 
numbers of offspring were observed at 250 mg/kg/day in a reproduction study 


in rats (DuPont, 1986). The 8-day dietary LC59's are greater than 5,620 
ppm in bobwhite quail and greater than 5,000 ppm in mallards (DuPont, 


1983b). The LD59 was greater than 12.5 ug/bee when sulfometuron methyl 
was applied directly to bees (O'Neal, 1987). No other studies have been 
reported on the toxicity of sulfometuron methyl to wildlife or insect 
species. 


Te buthiuron 


Tebuthiuron is moderately to slightly toxic to mammals and birds based on 


acute oral LD509's ranging from 186 mg/kg in rabbits to greater than 2,000 
mg/kg in mallards and bobwhites (table 6-6) (EPA, 1986e; USDA, 1986). 


Tebuthiuron is slightly irritating to the eyes but not to the skin of 
rabbits (EPA, 1986e). It caused decreased body weight in weanling pups in 
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Table 6-6 


Acute oral toxicity of tebuthiuron to mammals and birds 


LD59 
Species (mg/kg) 
Rat 6444 
Mouse 579b 
Rabbit 286b 
Dog >500b 
Cat >200b 
Bobwhite quail >2,0005 
Mallard duck >2,000> 
Chicken >500b 


4Source is EPA, 1986e. 
bsource is USDA, 1986. 


a three-generation rat reproduction study at doses of approximately 

20 mg/kg (LDT) (EPA, 1986e). In other studies, however, no teratogenic 
effects were observed in rats at doses of approximately 90 mg/kg (HDT) or 
in rabbits at 25 mg/kg (HDT) (EPA, 1986e). In subchronic oral toxicity 
studies, dogs experienced increased thyroid and spleen weight at 25 mg/kg 
(EPA, 1986e). Decreased body weight was observed in cattle at 100 ppm in a 
162-day study (EPA, 1986e). Tebuthiuron was readily metabolized and 
eliminated in the urine of tested animals (USDA, 1986). 


In subacute oral toxicity studies, doses of up to 1,500 ppm resulted in no 
deaths in mallards and bobwhites (Meyerhoff, 1981, as cited in USDA, 
1986). In a 30-day oral study, chickens exhibited depressed growth at 
2,500 ppm (EPA, 1986e). In 18-, 24-, and 27-week studies, no effects on 
growth, reproduction, or behavior were observed in bobwhite quail or 
mallard ducks when fed up to 100 ppm in the diet (Elanco Products Company, 
1983, undated, as cited in USDA, 1986). 


Honey bees sprayed with 30,000 ppm tebuthiuron, which is equivalent to 


5.56 kg/ha (5 1lb/ac), did not differ in survival from bees sprayed with 
water. Bees sprayed with 120,000 ppm, equivalent to 22.4 kg/ha (20 1b/ac), 
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had significantly higher mortality than controls (USDA, 1984). Based on 


these results, tebuthiuron appears to be of relatively low toxicity to 
terrestrial invertebrates. 


Triclopyr 


Triclopyr is moderately toxic to mammals based on LD59 values that range 
from 310 mg/kg in guinea pigs to 729 mg/kg in male rats (table 6-7) (EPA, 
1985b). Technical triclopyr is slightly irritating to the eyes and skin of 
rabbits (EPA, 1985b). The Garlon 3A and Garlon 4 formulations are slightly 
toxic, with oral LD59's of 2,830 and 2,140 mg/kg in rats (males and 
females, respectively) (Dow Chemical Company, undated). Garlon 3A may 
cause slight to moderate skin irritation and is moderately to severely 
irritating to eyes, and Garlon 4 may cause slight skin irritation but no 
eye irritation (Dow Chemical Company, undated). Ponies exposed to four 
daily doses of 60 mg/kg of triclopyr exhibited no adverse effects; however, 
exposure to four daily doses of 300 mg/kg caused depression, recumbency, 


decreased gastrointestinal activity, and respiratory and muscular distress 
(Osweiler, 1983). 


No teratogenic or reproductive effects have been observed in rats and 
rabbits (EPA, 1985b). Triclopyr is rapidly excreted, primarily as the 
parent compound, through the kidneys in animals (USDA, 1984). Small 
quantities of two other compounds (the metabolite trichloropyridinol and a 
conjugated form of the parent, triclopyr acid) are also excreted (USDA, 
1984). Triclopyr does not bioaccumulate in animal tissues in any 
significant amount (Dow Chemical Company, 1987). 


Based on acute oral and dietary studies, triclopyr, Garlon 3A, and Garlon 4 
are slightly toxic to birds (table 6-7). The acute oral LD509 of 

technical triclopyr is 1,698 mg/kg for mallard ducks, and the dietary 

LC59 ranges from 2,935 to greater than 5,000 ppm (Dow Chemical Company, 
undated; Kenaga, 1979). The dietary LC59's of Garlon 3A and Garlon 4 are 
all greater than 9,000 ppm (Dow Chemical Company, undated). A 
one-generation reproduction study showed no reproductive effects, symptoms 
of toxicity, or abnormal behavior when mallards were given up to 500 ppm in 
their diet for a 20-week period, including 10 weeks prior to egg laying and 
10 weeks during egg laying (Dow Chemical Company, 1987). A similar study 
reported no reproductive or toxic effects in bobwhite quail exposed to 
dietary levels of up to 800 ppm for a 20-week period, including 11 weeks 
prior to egg laying and 8 weeks during egg laying (Dow Chemical Company, 
1987). 


The acute contact LD59 of triclopyr in honey bees is greater than 

60 ug/bee, indicating that it is moderately toxic to insects (Kenaga, 
1969). The contact LD59 for honey bees is 7,100 ug/bee based on a 1985 
study (Dow Chemical Company, 1985). 


AQUATIC SPECIES HAZARD ANALYSIS 
The toxicity to aquatic species of the herbicides and additives proposed 


for use in Region 8 is summarized in this section. Information is 
presented on the acute and chronic toxicities of the herbicides to fish, 
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Table 6-7 


Acute toxicity of triclopyr to mammals and birds 


Species Formulation Test Results 
Rat Technical Oral LD50 729 mg/kg (male)4 
630 mg/kg (female) 
Mouse Technical Oral LD59 471 mg/kgb 
Rabbit Technical Oral LDso 550 mg/kg? 
Guinea pig Technical Oral LDso 310 mg /kg> 
Rat Garlon 3A Oral LD59 2,830 mg/kg (male )@ 
2,140 mg/kg (female)? 
Garlon 4 Oral LD50 2,460 mg/kg (male)@ 
2,140 mg/kg (female)@ 
Mallard duck Technical Oral LDsg 1,698 mg/kg© 
Dietary LC59 >5,640 ppmd 
Garlon 3A Dietary LC59 >10,000 ppm@ 
Garlon 4 Oral LD5o >4,640 mg/kg 
Dietary LC59 >10,000 ppm2@ 
Japanese quail Technical Dietary LC5o 3,278 ppm 
Bobwhite quail Technical Dietary LC5o 2,935 ppmo 
Garlon 3A Dietary LC59 11,622 ppm@ 
Garlon 4 Dietary LC59 9,026 ppm@ 





8Source is Dow Chemical Company, undated. 
bsource is EPA, 1985b. 

CSource is Kenaga, 1979. 

dsource is Dow Chemical Company, 1987. 


aquatic invertebrates, and amphibians. The common and scientific names of 


aquatic species included in this hazard analysis are given in table 8-35 in 
section 8. 


The relative acute toxicities of the herbicides are classified according to 
a scheme by EPA (1985c) where LCs59 values are described as follows: 

<0.1 ppm (1 ppm = 1 mg/1), very highly toxic; 0.1 ppm to 1 ppm, highly 
toxic; >1 ppm to <10 ppm, moderately toxic; >10 ppm to <100 ppm, slightly 
toxic; and >100 ppm, practically nontoxic. 


The information presented in this section is used in the Aquatic Risk 
Analysis section (in section 8) as a basis for selecting toxicity values 
for organisms representative of the aquatic environments in Region 8. In 
some cases, a number of toxicity tests have been conducted under various 
water quality conditions with a particular herbicide and a given species 
that have resulted in a range of LC59 values (for example, technical 

grade picloram and rainbow trout in Mayer and Ellersieck, 1986). In these 
cases, the lowest reported value from the range has been included in the 
table in the hazard analysis. 


The terms listed below pertain to aquatic toxicology and are used 
frequently in this section: 


LC59-~-the concentration of a toxicant in water that is lethal to 50 


percent of a population of test organisms within a specific period of 
time (usually reported for 96 hours). 


ECsg--the concentration of a toxicant in water that has a specific effect 
on 50 percent of the test organisms. It is often used with animals 
where determining death is difficult, such as with Daphnia sp. In 
this case, immobilization of an animal is the measured endpoint. 


MATC--maximum acceptable toxicant concentration, which is the hypothetical 
toxic threshold concentration of a toxicant in water bounded by the 
highest tested concentration that has no significant adverse effect 
and the lowest concentration having a significant effect. 


Static test--toxicity tests (generally only acute tests) in which the 
solution in the test chamber is still (not flowing); the solution may 
be renewed during the course of the test. 


Flow-through test--toxicity test (acute, subchronic, or chronic) in which 
the solution in the test chamber is flowing continuously or 
intermittently. Flow-through tests generally result in somewhat 
lower LC59's than static tests conducted under the same conditions. 


2,4-D 


The aquatic toxicity of the butoxyethanol ester of 2,4-D ranges from 
moderately to highly toxic (table 6-8). Acute LC59 values range from 
about 0.5 ppm to 10 ppm for most species. Amphipods and snails are among 
the most sensitive groups. Esters are typically 100 times more toxic than 
their corresponding acids and most amine formulations, but, in most cases, 
they rapidly hydrolyze to corresponding acids (Ghassemi et al., 1981). 
Bioaccumulation of 2,4-D is low, and it generally is rapidly excreted in 
the urine unchanged or as a conjugate (USDA, 1984). 2,4-D amine is 
practically nontoxic to amphibians (Johnson, 1976). 


2,4-DP 
Only a few aquatic toxicity studies are available for 2,4-DP; these are 


Summarized in table 6-9. No studies are available for invertebrates or 
amphibians. No long-term studies are available for any aquatic species. A 


6217 


Table 6-8 


Toxicity of 2,4-D to aquatic organisms 








Species Concentration Effect Source 
(ppm) 
2,4-D amine 
Rainbow trout oO Avoidance Folmar, 1976, 1978, as 
behavior cited in USDA, 1984 
>100 96-hr LC59 Mayer and Ellersieck, 1986 
Chinook salmon >100 96-hr LC59 Mayer and Ellersieck, 1986 
Green sunfish 25 No deaths Hiltibran, 196/4eaas 
after 8 days cited in USDA, 1984 
Bluegill 168 96-hr LC59 Mayer and Ellersieck, 1986 
(123-230)4 
40 No deaths Hilti branjel 96/2 “as 
at 12 days cited in USDA, 1984 
Smallmouth bass 236 96-hr LC59 Mayer and Ellersieck, 1986 
Ecy (185-300)4 
25 No deaths Hiltibrang ol 96/eeas 
at 8 days cited in USDA, 1984 
Fathead minnow 335 96-hr LC59 Johnson and Finley, 1980 
(245-458)@ 
Channel catfish 19 96-hr LC5o Mayer and Ellersieck, 1986 
(109-130)4 
Mosquitofish 405 96-hr LC509 Johnson, 1978, as cited 
in USDA, 1984 
Lake chubsucker 2D No deaths Hiltibran, 1967 98as 
at 8 days cited in USDA, 1984 
Long-nosed killifish L5 No effect Butler, 1965 


at 48 hours 


Table 6-8 (continued) 


Toxicity of 2,4-D to aquatic organisms 





Species Concentration Effect Source 
(ppm) 

Lymnodynastes peroni 287 96-hr LC59 Johnson, 1976 

l-week-old tadpoles 
Giant Toad 288 96-hr LC59 Johnson, 1976 

l-week-old tadpoles 
Crayfish >100 48-hr LC509 Sanders, 1970 
Water flea 4.0 48-hr ECs5o Mayer and Ellersieck, 1986 

(3.4-4.9)8 

Seed shrimp 8.0 48-hr EC59 Mayer and Ellersieck, 1986 
Scud 

G. fasciatus >100 96-hr LC59 Mayer and Ellersieck, 1986 
Sowbug >100 48-hr LC59 Sanders, 1970, as cited 

in USDA, 1984 
Eastern oyster 220 No effect at Butler, 1965 
96ehrs 
Midge >100 48-hr EC5o Mayer and Ellersieck, 
1986 

Amphibia 

Adelotus brevis 

l-week-old tadpodes 200 96-hr LC509 Johnson, 1976 

4-week-old tadpoles 340 No deaths after 

96-hours 


2,4-D butoxyethanol ester 


Rainbow trout 
fingerlings 1.49 96-hr LC59 Inglis and Davis, 1972 
yearlings 10.0 96-hr LC59 Dodson and Mayfield, 1979, 
; as cited in USDA, 1986 


Bluegill 1.2 96-hr LC59 Mayer and Ellersieck, 1986 


Table 6-8 (continued) 


Toxicity of 2,4-D to aquatic organisms 


Species Concentration Effect Source 

(ppm) 
Fathead minnow Shes) 96-hr LC59 Mayer and Ellersieck, 1986 
Black bullhead 7.4 96-hr LC5Q9 Inglis and Davis, 1972 
Crayfish >100 48-hr LC59 Sanders, 1970 
Glass shrimp 1.4 48-hr LC59 Sanders, 1970 
Pink shrimp 1.0 48-hrs, no 

effect 


Water fleas 


D. pulex a50 8 days, no Sigmon, 1979, as cited 
effects in DEA, 1986 
D. magna 5.6 48-hr LC59 Sanders, 1970 
Copepod Beal! 96-hr LC50 Linden et al., 1979 
Scuds 
G. lacustris 0.44 96-hr LC59 Sanders, 1969 
G. fasciatus 5.9 96-hr LC59 Sanders, 1970 
Sowbug 2.0 96-hr LC5o Mayer and Ellersieck, 1986 
Seed shrimp "eis 48-hr ECs5g Mayer and Ellersieck, 1986 
1.8 48-hr LC509 Sanders, 1970 
Stonef ly 
Pteronarcys californica 
adult >1000 96-hr LC59 FWPCA, 1968, as cited in 
DEA, 1986 
nymphs L6 96-hr LC59 Sanders and Cope, 1968 
Eastern oyster Shed fs) 96-hr ECs5o, Butler, 1965 
decrease in 
shell growth 
Snail 0532 at 6 wks Lim, 1978, as cited in 


42% mortality Halter, 1980 
a ee ee 


4@Range is for the 95% confidence interval. 
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Toxicity of 2,4-DP? to aquatic organisms 


Table 6-9 





Species Concentration Effect Source 
(ppm) 
Bluegill 
adult 1.1 48-hr LC59 Pimentel, 1971 
fry 10 No deaths Hiiltibran,196/, as 
after 10 days cited in USDA, 1984 
juveniles 204 No deaths Hiltibran, 1967, as 


Lake chubsucker 
fry ihe Se 


4Granular 2,4-DP-isooctyl ester. 


after 12 days 


No deaths 
after 10 days 


cited in USDA, 1984 


Hiltibran, 1967, as 
cited in USDA, 1984 


48-hour LC5g of 1.1 ppm (isooctylester) has been reported for adult 
bluegill (Pimentel, 1971). This value compares closely with the 96-hour 
LC50 of 1.2 ppm for the butoxyethanol ester of 2,4-D for the same fish 
species (table 6-8). Because of the close chemical similarities of the two 
herbicides, it is expected but not proven that their aquatic toxicities 
would be similar. In the absence of toxicity data for 2,4-DP, the aquatic 
toxicity reference values of 2,4-D will be used for estimating the hazard 


ohm2),4-DP. 


Dicamba 


Dicamba is only slightly toxic to most aquatic organisms (table 6-10). The 
salts and free acid of dicamba are considered toxicologically equivalent 
because the salt hydrolyzes to the free acid in an aqueous environment 
(EPA, 1983b). Short-term LC59 values are greater than 10 ppm for fish, 

The amphipod Gammarus lacustris, which 
has a 96-hour LC59 of 3.9 ppm, is more sensitive to dicamba than any 


amphibia, and most invertebrates. 


other aquatic animal tested (Sanders, 1969). 


A 48-hour EC59 of 11 ppm 


was determined for Daphnia pulex (Sanders and Cope, 1966, as cited in 


Hulbert, 1975, as cited in USDA, 1984). 


Daphnia magna, with a 48-hour 


ECs5g of greater than 100 ppm (Johnson and Finley, 1980) does not appear 


to be as sensitive as D. pulex. 
been reported. 


Fosamine 


No long-term aquatic toxicity studies have 


Fosamine is considered practically nontoxic to fish and invertebrates 
because all acute LC5g values are greater than 100 ppm (table 6-11). 
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Table 6-10 


Toxicity of dicamba 
(88% technical) to aquatic organisms 


Species 96-hour LC5o Source 
(ppm) 


Rainbow trout 


fingerlings (0.8 g) 28 Mayer and Ellersieck, 1986 
135 Velsicol Chemical Corporation, 
as cited in Ghassemi et al., 
Medes 
Cutthroat trout >50 Woodward, 1982, as cited in 
USDA, 1984 
Coho salmon Lorz et al., 1979, as cited 
juveniles 1204 in USDA, 1984 
Bluegill 
fingerlings (0.9 g) >50 Mayer and Ellersieck, 1986 
135 Velsicol Chemical Corporation, 
1979 as cited in Ghassemi et 
alee sos) 
Glass shrimp >56 Mayer and Ellersieck, 1986 
Water flea 
Daphnia sp. 115 Sanders and Cope, 1966, as 


cited in Hurlbert y 1975 sae 
cited in USDA, 1984 


D. magna (lst instar) >100b Mayer and Ellersieck, 1986 
Scud 

G. fasciatus >100 Mayer and Ellersieck, 1986 
Sowbug >100 Mayer and Ellersieck, 1986 
Frog, tadpole 

Adelotus brevis (l-week old) 185 Johnson, 1976 

Limnodynastes peroni 106 Johnson, 1976 


(l-week old) 
ee ee ee se eee eed eee See ee ee SR ee eee 


448-hr LC50- 
b48-hr EC50- 
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Table’ 6-11 


Toxicity of fosamine to aquatic organisms 





Species Concentration Effect Source 
(ppm) 
Rainbow trout 
adult >100 96-hr LC59 Mayer and Ellersieck, 
1986 
adult Pil, 0004 96-hr LC59 Schneider and Kaplan, 
(no effects at 1983¢eas cited in 
1,000 ppm) USDA, 1984 
yolk-sac fry 3676 96-hr LC50 USDA, 1984 
(alevin) 
eggs 1,456> lowest 96-hr LC59 USDA, 1984 
Coho salmon BE2 902 96-hr LC509 Schneider and Kaplan, 
L983 ;,eas® cited in 
USDA, 1984 
2954 96-hr EC509, based Schneider and Kaplan, 
on avoidance 1983, as cited in 
behavior; threshold USDA, 1984 
at 8.9 ppm 
1984 96-hr EC59, acute Schneider and Kaplan, 
stress based on N9S35,0 as cited sin 
leucocrit values; USDA, 1984 
threshold at 4 ppm 
egg stages 2D SIT. lowest 96-hr LC59 USDA, 1984 
yolk sac fry 618> 96-hr LC50 USDA, 1984 
(alevin) 
fingerlings 2,669 lowest 96-hr LC59 USDA, 1984 
yearling 5295 lowest 96-hr LC59 USDA, 1984 
Bluegill 670 96-hr LC59 Schneider and Kaplan, 
(378-1, 190)4>¢ 1983, as cited in 
USDA, 1984 
Fathead minnow >1, 0002 96-hr LC59 Schneider and Kaplan, 
(no effects at 1983, as cited in 
1,000 ppm) USDA, 1984 
Channel catfish >100 96-hr LC50 Mayer and Ellersieck, 


1986 


Table 6-11 (continued) 


Toxicity of fosamine to aquatic organisms 








Species Concentration Effect Source 
(ppm) 
Crayfish 3,547b 96-hr LC5Q DuPont, 1987 (unpub- 
lished, personal 
communication, 


Fred O'Neal, DuPont, 
Agricultural Products 
Department, Wilmington, 
Delaware, 1987) 


Water flea 


D. magna 1,524 48-hr LC5qQ Schneider and Kaplan, 
(1,310-1,720)4>¢ 1983, as cited in 
USDA, 1984 
Scud : 
G. pseudolimnaeus >100 96-hr LC5Q9 Mayer and Ellersieck, 
1986 
Midge >100 48-hr LC59 Mayer and Ellersieck, 
1986 


2Ammonium salt. 


bkrenite (41.5% ammonium salt of fosamine). 
CRange is for 95% confidence interval. 


Yolk-sac fry, fingerlings, and eggs of salmonids are not acutely sensitive 
to fosamine (USDA, 1984). Ninety-six-hour EC59's based on avoidance 
behavior and white blood cell counts in coho salmon also are greater than 
100 ppm (USDA, 1984). No toxicity studies with amphibians have been 
reported, and no long-term studies have been reported with aquatic 
organisms. 


Glyphosate 


Region 8 has proposed for use the following three formulations of 
glyphosate: Roundup, Rodeo, and Accord. Because of its surfactant 
content, Roundup is much more toxic to aquatic organisms than the other two 
formulations, which do not contain surfactants. Therefore, it is important 
to treat separately the risk of different formulations. 
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Roundup 


The toxicity of the Roundup formulation (41 percent isopropylamine (IPA) 
salt of glyphosate, 15 percent surfactant, and 44 percent water) to aquatic 
organisms is summarized in table 6-12. Roundup is moderately to slightly 
toxic; most 96-hour LC59 values range from 2 to 18 ppm. The acute 

toxicity of Roundup is greater at pH 7.5 than pH 6.5, and toxicity also 
increases with increasing temperature (Folmar et al., 1979). Rainbow trout 
did not exhibit avoidance behavior at concentrations up to 10 ppm, whereas 
mayfly nymphs showed avoidance behavior at this level (Folmar et al., 1979). 


Rainbow trout were exposed for 12 hours to 0.02, 0.2, and 2.0 ppm of 
formulated Roundup (Folmar et al., 1979). No effects were observed on 
fecundity or maturation of gonads after being held in freshwater for 30 
days. Midge larvae also were exposed to 0.02, 0.2, and 2.0 ppm of 

Roundup. Significant increases in stream drift of the larvae were observed 
at the highest concentration. 


Rodeo and Accord 


The Rodeo formulation (53.5 percent isopropylamine salt of the active 
ingredient N-phosphonomethyl glycine and 46.5 percent water) of glyphosate 
is practically nontoxic to aquatic organisms (table 6-12). The 96-hour 
LCsg's for fish are all greater than 1,000 ppm, and the 48-hour LC59 

for Daphnia magna is 930 ppm (Monsanto, 1983). The toxicity of the Accord 
formulation (41.5 percent IPA salt and 58.5 percent water) is expected to 
be similar to Rodeo because both of the products have the same active 
ingredient and have water as the only inert ingredient. 


Technical Glyphosate 


Technical glyphosate is only slightly to practically nontoxic to fish and 
invertebrates (table 6-12). Studies with channel catfish, bluegill, 
rainbow trout, and largemouth bass indicate that glyphosate does not 
bioaccumulate in fish to any significant degree (Monsanto, undated). The 
toxicity of glyphosate or glyphosate-formulations to amphibians has not 
been reported in the literature. 


An MATC of greater than 25.7 ppm has been reported in a long-term study 
with fathead minnows (Monsanto, undated). A 21-day study with Daphina 
magna determined a NOEL of 50 ppm based on decreased reproduction 
(Monsanto, undated). 


Hexazinone 


The aquatic toxicity of hexazinone is summarized in table 6-13. Hexazinone 
is practically nontoxic to fish; all 96-hour LC59's are greater than 

100 ppm. EPA (1982, as cited in USDA, 1984) has described technical 
hexazinone as "practically nontoxic" to fish. It is slightly toxic to 
aquatic invertebrates (table 6-13). A 21-day NOEL of 10 ppm (technical) 
has been determined for Daphnia sp. (Mayack et al., 1982, and EPA, 1982, 
both as cited in USDA, 1984). No toxicity studies have been reported for 
amphibians. No chronic studies with aquatic organisms have been reported. 
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Table 6-12 


Acute toxicity of Roundup, Rodeo, and technical 





Species 


Trout 


Chinook salmon 


Coho salmon 


Bluegill 
Carp 


Water flea 
D. magna 


Rainbow trout 
fingerlings (1 g) 
fingerlings (2 g) 

Chinook salmon 

Coho salmon 


Bluegill 


Fathead minnow 


glyphosate to aquatic organisms 


Concentration Effect 
(ppm) 
Rodeo 

>1,000 96-hr LC50 

680-1,070 96-hr LC59 

750-1,440 96-hr LC59 

600-1,000 96-hr LC59 

>1,000 96-hr LC5o 

>10,000 96-hr LC509 

930 48-hr LC50 


1.3 
7.4-14 


20 


Roundup 


96-hr LC50 
96-hr LC59 


96-hr LC59 
96-hr LC59 
96-hr LC59 


96-hr LC59 


96-hr LC50 
96-hr LC59 
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Source 


Monsanto, 


Mitchell et al. 


press) 


Mitchell et al. 


press) 


Mitchell et al. 


press) 
Monsanto, 


Monsanto, 


Monsanto, 


Folmar et 


1983 
(in 


(in 


(in 


1983 


1985 


1983 


al julio 


Folmar et) al.),.4979 


Mitchell et al. 


press) 


Mitchell et al. 


press) 


Folmar et 
Monsanto, 


Folmar et 
Monsanto, 


Gin 


(in 


al. , 1979 
undated 


al. 9 1979 
undated 





Table 6-12 (continued) 


Acute toxicity of Roundup, Rodeo, and technical 
glyphosate to aquatic organisms 


Species Concentration Effect Source 
(ppm) 





Channel catfish 


fingerlings (2.2 g) 13 96-hr LC50 Folmar et al., 1979 
swim-up fry 3.3 96-hr LC59 Folmar et al., 1979 
16 96-hr LC509 Monsanto, 1982 
Grass carp 15 96-hr LC59 Too by et al.,161900 
Carp 5.9 96-hr LC50 Monsanto, 1982 
Crayfish >1,000 96-hr LC59 Monsanto, 1982 
Water flea 
D. magna 3.0 48-hr LC59 Folmarget eal. , 91979 
333 48-hr LC59 Monsanto, undated 
Copepod Z2 96-hr LC5o Linden et al., 1979 
Scud 
G. pseudolimnaeus 43 96-hr LC509 Folmar vet als), 19/9 
Mayfly 
nymphs 10 Avoidance Folmar et al., 1979 
behavior 
Midge larvae 18 48-hr ECs5g Folmar et al., 1979 
2 Significant Folmar et al'..,21979 


increase in 
stream drift 


a 
Technical Glyphosate 


Rainbow trout 140 (120-170) 96-hr LC59 Folmar et al., 1979 
38 96-hr LC50 USDA, 1981, as cited 
in USDA, 1984 


Table 6-12 (continued) 


Acute toxicity of Roundup, Rodeo, and technical 
glyphosate to aquatic organisms 


a 


Species Concentration Effect Source 
(ppm) 
Bluegill 140 (110-160) 96-hr LC5o Folmar et al., 1979 
(static test) 
24 96-hr LC509 USDA, 1981, as cited 
(f low-through in USDA, 1984 
test) 
Fathead minnow 97 (79-120) 96-hr LC59 Folmar et al., 1979 
PLAS TU MATC, no Monsanto, undated 


adverse effects 
on survival, 
growth, or 
reproduction 
during 255 days 
of exposure 


Channel catfish 130 (110-160) 96-hr LC509 Folmar et al., 19794 


Carp D3 96-hr LC59 USDA, 1981, as cited 
in USDA, 1984 


Water flea 
Daphnia sp. 780 40-hr LC50 Monsanto, 1982 


D. magna 50 NOEL, based Monsanto (undated) 
on reduced 
reproduction 
at 96 ppm; 
21 days of 
exposure 


Midge 55 48-hr EC59 Folmar et al., 1979 
Sa ee OS a ee a RO ee eee 


“Technical glyphosate (95% or more of active ingredient) is assumed to 
be the formulation used. 


Species 





Rainbow trout 


Brook trout 


Bluegill 


Fathead minnow 


Fiddler crab 


Grass shrimp 


Water flea 
Daphnia sp. 


D. magna 


Concentration 
(ppm) 
320-4204 
>180b 


>1004> b 


505¢ 
(450-538) 
370-420 
925 
(782-1,049)¢>4d 
274 
(207-361)>,¢ 


>1,000 


56-100) 


20-50b 
10b 


151.6 
(12502-17278) b5¢ 


Table 6-13 


Effect 


96-hr 


96-hr 


96-hr 


96-hr 


96-hr 


96-hr 


96-hr 


96-hr 


96-hr 


21-day LC50 
21-day NOEL 


48-hr 


O29 


LC59 
LC50 


LC50 


LC509 


LC50 


LC50 


LC59 


LC509 


LC59 


LC509 


Toxicity of hexazinone to aquatic organisms 


Source 


EPA, 1982, as cited in 
USDA, 1984; Mayer and 
Ellersieck, 1986 


Mayer and Ellersieck, 
1986 


EPA, 1982, as cited in 
USDA, 1984 

EPA, 1982, as cited in 
USDA, 1984 

Schneider and Kaplan, 
1983, as icited in 
USDA, 1984 


EPA, 1982, in USDA, 
1984 


EPA, 1982, as cited in 
USDA, 1984 


EPA, 1982, as cited in 
USDA, 1984 


Mayack et al., 1982, as 
cited in USDA, 1984; 
EPA, 1982, as cited in 
USDA, 1984 

EPA, 1982, as cited in 
USDA, 1984 


Table 6-13 (continued) 


Toxicity of hexazinone to aquatic organisms 








Organism Concentration Effect Source 
(ppm) 
Aquatic 
invertebrates -006-.044 Intermittent Mayack et al., 
exposure, field 1982, as cited in 
sampling over 8 USDA, 1984 


months indicated 
no major alter- 
ations in species 
composition or 
species diversity 


Eastern oyster 


larvae 320-5605 48-hr ECsg, based on EPA, 1982, as 
reduction in number cited in USDA, 
of normal embryos 1984 
4Technical. 


b90% wettable powder. 
CRange is 95% confidence interval. 
dvelpar L, 25% hexazinone liquid. 


Imazapyr 


Technical imazapyr, the isopropylamine salt of imazapyr, and the Arsenal 
2.0 AS formulation are practically nontoxic to rainbow trout, bluegill, and 
channel catfish (table 6-14). The water flea, the only aquatic 
invertebrate that has been tested, was not sensitive to Arsenal (American 
Cyanamid Company, 1985). No studies have been reported with amphibians. 
Chronic or reproductive studies have not been reported in the literature. 


Light Fuel Oil 


Diesel fuel, jet fuels, and fuel oils are moderately to highly toxic to fish 
(table 6-15). Jenkins et al. (1977, as cited in Burks, 1982) studied the 
acute and chronic toxicity of jet fuels to several fish species, including 
the Golden shiner, rainbow trout, and flagfish. The 96-hour LC59's (static 
tests) for the Golden Shiner were 0.68 and 0.94 ppm for the jet fuels RJ-4 
(a 12-carbon molecule) and RJ-5 (a 14-carbon molecule), respectively. The 
97-day nonlethal concentration for rainbow trout was less than 0.03 ppm for 
RJ-4 and 0.04 ppm for RJ-5. The NOEL for eggs of the flagfish exposed’ -by 
continuous flow to RJ-4 was 0.2 ppm. Reduced hatchability of flagfish was 
observed from exposure to RJ-5 at concentrations above 0.05 ppm. 
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Table 6-14 


Toxicity of imazapyr to aquatic organisms 


SS 


Species Concentration Effect 
(ppm) 
Rainbow trout 1102 96-hr LC5o 
>1005 
Bluegill >1804 96-hr LC509 
>100> 
>1,000¢ 
Channel catfish >1005 96-hr LC59 
Water flea 
D. magna >3504 48-hr LC50 
1006 
750¢ 





4Arsenal 2.0 AS. 
brechnical imazapyr. 
©Isopropylamine salt of imazapyr. 


Source: American Cyanamid Company, 1985. 


Acute toxicity values (96-hour LCs5o9's) for freshwater fish of greater 
than 0.19 ppm for diesel fuel and greater than 1.2 ppm for No. 2 fuel oil 
have been reported by EPA (1976, as cited in DOE, 1983). Tagatz (1961, as 
cited in Burks, 1982) reported a 48-hour LC50 for No. 2 fuel oil of 125 

to 251 ppm with juvenile American shad. This reported concentration is 
based on the amount of oil applied to the water's surface (nominal 
concentration) and not the water-soluble fraction. This may account for 
the apparent lower sensitivity of the shad to No. 2 fuel oil. 


The toxicity of No. 2 fuel oil has been studied for a number of marine fish 
and invertebrate species (table 6-15). The LC59's range from 0.81 to 
greater than 6.9 ppm for marine fish and 0.21 to 14.1 ppm for invertebrates 
(Connell and Miller, 1984). The range of toxicity values determined for 
No. 2 fuel oil with marine species is useful in estimating the range of 
sensitivities for freshwater species because marine and freshwater species 
generally have a similar range of tolerance to toxicants (Sprague, 1985). 


Irwin (1964, as cited in Burks, 1982) calculated a “ratio of resistance" to 


rank the sensitivities: of 57°fish species to oil refinery wastewater. The 
guppy was the least sensitive and was assigned a ratio of resistance of 
100. The ratios of resistance for some common freshwater fish were as 
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Table 6-15 


Toxicity of light fuel oil to aquatic organisms 


Species Concentration Effect Source 
(ppm) 

Freshwater 

fish 2051.93 96-hr LC509 EPA, 1976, as cited in 

>1.24 96-hr LC59 DOE, 1983 

Rainbow trout <0.03> 97-day Jenkins et al., 1977, 

nonlethal level as cited in Burks, 

0.04¢ 97-day 1982 


nonlethal level 


Dolly Varden trout 


smolts 2.294 96-hr LC509 Connell and Miller, 
1984 
Pink salmon 0.814 96-hr LC50 Connell and Miller, 
1984 
Golden shiner 0.685 96-hr LCs Jenkins et al., 1977, 
0.94¢ 96-hr LC5Q as cited in Burks, 
1982 
Sheepshead 
mi nnow >6.9d 96-hr LC50 Connell and Miller, 
1984 
Saffron cod 2.934 96-hr LCs59 Connell and Miller, 
1984 
Flagfish (eggs) 0.26 No effect level Jenkins et al., 1977, 
>0.05¢ Reduced as cited in Burks, 
hatchability 1982 
Blue crab 14.14 96-hr LC5q Melzian, 1983 
Grass shrimp 96-hr LC509 Connell and Miller, 
larvae 1.24 1984 
post larvae 2.44 
adult 3.54 
Brown shrimp 96-hr LCs Connell and Miller, 
late juvenile 2.94 1984 
adult ; 4,9d 


632 


Table 6-15 (continued) 


Toxicity of light fuel oil to aquatic organisms 





Species Concentration Effect Source 
(ppm) 
Dark shrimp 1.114 96-hriLCso Connell and Miller, 
1984 
Hump back 1.694 96-hr LC59 Connell and Miller, 
shrimp 1984 
Scooter 0.534 96-hr LC5Q9 Connell and Miller, 
shrimp 1984 
Pink shrimp 0.214 96-hr LC59 Connell and Miller, 
1984 
Polychaete 2-4.24 96-hr LC59 Connell and Miller, 
(segmented 1984 


aquatic worm) 


4Diesel fuel. 

bjet fuel RJ-4. 
CJet fuel RJ-5. 
dNo. 2 fuel oil. 


follows: rainbow trout (34.68), smallmouth bass (35.60), northern pike 
(37.31), fathead minnow (49.19), largemouth bass (53.27), bluegill (54.10), 
and channel catfish (60.15). This study may be useful in predicting the 
relative order of sensitivities of these species to diesel fuels and other 
petroleum products. 


The 96-hour LC59 for adult blue crabs exposed to No. 2 fuel oil was 

14.1 ppm (Melzian, 1983). This species appears to be much more tolerant 
than other crustaceans or fish tested. No histopathological changes were 
observed in the gills, hepatopancreas, or muscles of the blue crab after 2 
weeks of exposure to No. 2 fuel oil at 0 to 1.0 ppm (Melzian, 1933). 


A spill of No. 2 fuel oil into a small stream in Virginia was acutely toxic 
to some fish, crayfish, and caddis flies (order Trichoptera) (Hoehn et al., 
1974, as cited in Burks, 1982). Two weeks after the spill, the density of 
benthic macroinvertebrates downstream was 25 percent less than the density 
upstream from the spill, but species diversity was not affected. The 
density of the macroinvertebrates returned to normal levels by 18 weeks 
after the spill. 


The toxicity of diesel fuel or other related petroleum compounds to 
amphibians has not been reported in the literature. No chronic toxicity 
studies have been reported for any aquatic organisms. 


Limonene 


Very little information is available on the toxicity of limonene 
(Cide-kick) to fish or other aquatic species. Watkins and Thayer (1982) 
have indicated that Cide-kick is moderately toxic to bluegills with a 
96-hour LC59 of 5.2 (4.8-5.6) ppm. No information is available on its 
toxicity to aquatic invertebrates or amphibians. No long-term studies of 
the effects on any aquatic organism have been reported. 


Picloram 


Tordon 101 (a mixture of picloram and 2,4-D) is slightly toxic, and 
picloram is generally moderately to slightly toxic to aquatic organisms. 
All reported LCs59's for Tordon 101 are greater than 10 ppm (table 6-16). 


Aquatic insects and crustaceans have 24- to 96-hour LC5g's of greater 

than 25 ppm for technical picloram. A 48-hour LC59 of 50.7 ppm has been 
reported for Daphnia magna exposed to technical picloram (Mayes and Dill, 
1984). Daphnia sp. showed no effect during a 24-hour exposure to 380 ppm 
of Tordon 101 (USDA, 1984). For lake trout and cutthroat trout, technical 
grade picloram (90-percent active ingredient) is more toxic than the other 
formulations, with 96-hour LC59's in these species of 4.3 and 4.8 ppm, 
respectively (Johnson and Finley, 1980). 


Woodward (1979) reported increased fry mortality in cutthroat trout at 
concentrations of picloram (technical grade) greater than 1.3 ppm and 
reduced fry growth above 0.61 ppm (flow-through tests). No adverse effects 
to cutthroat fry occurred below 0.29 ppm. The reported concentrations are 
initial peak concentrations, which are intended to simulate concentration 
resulting from runoff from a rainstorm. Mean concentrations for the 
exposure period were not reported. Similar findings have been reported by 
Scott et al. (1977, as cited in Mullison, 1985). Woodward (1976) has also 
reported chronic studies on lake trout, where 0.035 ppm of picloram 
adversely affected the rate of yolk sac absorption and growth of fry. 


Mayes et al. (1987) conducted chronic toxicity studies with embryo-larval 
rainbow trout exposed to technical picloram. They reported an MATC of 
between 0.55 ppm and 0.88 ppm and estimated as 0.70 ppm based on the 
geometric mean. Larval survival was significantly reduced at 2.02 ppm, and 
growth was significantly reduced at 0.88 ppm. 


No adverse effects on growth were reported for algae, Daphnia sp., 
goldfish, and guppies exposed to 1 ppm picloram for 10 weeks. Guppies: 
exhibited no adverse effects at this same concentration after 6 months of 
exposure (Lynn, 1965, as cited in Ghassemi et al., 1981). Chronic studies 
with Daphnia magna by Gersich et al. (1985) indicated an MATC of between 
11.8 an 18.1 ppm with a geometric mean of 14.6 ppm. The MATC endpoint was 
based on mean total young/adult. 


Table 6-16 


Toxicity of picloram to aquatic organisms 


Species Concentration Effect Source 
(ppm) 





Tordon 101 


Rainbow trout 40.4 96-hr LC509 Lynn, 1965; Winston, 1963, 
as cited in Kenaga, 1969 
Brook trout 64.6 96-hr LC59 Lynn, 1965; Winston, 1963, 
as cited in Kenaga, 1969 
Brown trout 61.9 96-hr LC59 Lynn, 1965; Winston, 1963, 
as cited in Kenaga, 1969 
Coho salmon 17.5 24-hr LC59 Spenar et als’, 19814, 
as cited in USDA, 1984 
Green sunfish 40.4 96-hr LC5o Kenaga, 1969 
Fathead minnow 17.4 96-hr LC5o9 Lynn, 1965; Winston, 1963, 
as cited in Kenaga, 1969 
Pugnose minnow 35.8 96-hr LC59 Kenaga, 1969 
Goldfish 20.2 24-hr LC59 Hardy, 1963, as cited in 


Kenaga, 1969 


Amphibia l-week old 


tadpoles 
Adelotus brevis g5b 96-hr LC59 Johnson, 1976 
Limnodynastes 105 96-hr LC50 Johnson, 1976 
peroni 
‘Water flea 
Daphnia sp. 530 95% mortality at Lynn, 1965 
24 hr; no mortality 
at 380 ppm 
Snail 530 100% mortality at Lynn, 1965 
j J72,nr; no mortality 
at 380 ppm 


Table 6-16 (continued) 


Toxicity of picloram to aquatic organisms 





Species Concentration Effect Source 
(ppm) 
Picloram 
Rainbow trout 24-34 24 to 96 hr LCs5q U.S. DOL, eL3a5. 
as cited in 
Kenaga, 1969 
Coho salmon 21-29 96-hr LC59 Bond et al., 
1967, as cited 
in Kenaga, 1969 
Bluegill L126 96-hr LC50 Bond et al., 
1967, as cited 
in Kenaga, 1969 
Largemouth bass LES et hel Ms 24 to 48-hr LC59 U.S. DOL, 1264" 
as cited in 
Kenaga, 1969 
Goldfish 14-36 24 to 96-hr LC50 U.S. DOL 19642 
as cited in 
Kenaga 1969 
Mosquito fish 120-133 24 to 96-hr LC5Qg Johnson, 1978, as 
cited in USDA, 
1984 
Brown shrimp ii 48-hr NOEL U.S. DOL, 1966206 
cited in USDA, 
1984 
Water flea 530 95-percent Lynn, 1965 
Daphnia sp. mortality at 
24 hours, NOEL at 
380 ppm 
1 No observed effect Hardy, 1966, as 
on growth and cited in USDA, 
reproduction after 1984 
10 weeks ; 
Scud 
G. lacustris 48 48-hr LC5q 
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U.S. DOI, 1968, 
as cited in USDA, 
1984 


Species 


Eastern oyster 


Rainbow trout 


Lake trout 


Cutthroat trout 


Bluegill 


Channel catfish 


Water flea 


Scud 
G. lacustris 


Table 6-16 (continued) 


Toxicity of picloram to aquatic organisms 


Concentration 


(ppm) 


3.1 


0.70 


Nas) 


0.035 


Yd 


PB, 


>0.610 
<0.29 


1355 


27 


Effect 


No observed effect 
on shell growth 
after 48 hours 


Source 


Butler, 1965 


Technical Grade (90% a.i.) 


96-hr LC509, toxicity 
greater in hard water 
MATC, reduced growth 
in embryo larvae 


96-hr LCsp, toxicity 
greater in hard water 
Decreased rate 

of yolk sac 
absorption and 

growth in fry, 
chronic exposure 


96-hr LC59 


After 22 days 
exposure, increased 
fry mortality; 
reduced growth of 
fry; 

no adverse effects 


96=hreLCsg, toxicity 
greater in hard water 


96-hr LC59 


48-hr LC5o9 

48-hr LC59 

MATC based on mean 
total young per adult 


96-hr LC59 
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Mayer and 


Ellersieck, 1986 
Mayes et al., 
1987 


Mayer and 


Ellersieck, 1986 
Woodward, 1976 


Mayer and 
Ellersieck, 1986 
Woodward, 1979 


Mayer and 
Ellersieck, 1986 


Mayer and 
Ellersieck, 1986 


Mayes and Dill, 1984 


Gersich et al., 1985 
Gersich et al., 1985 


Sanders, 1969 


Table 6-16 (continued) 


Toxicity of picloram to aquatic organisms 


SS ST 


Organism Concentration Effect Source 
(ppm) 
Stoneflies 
Pteronarcella >10.0 96-hr LC59 Mayer and 
badia Ellersieck, 1986 
Pteronarcys 48 96-hr LC59 Sanders and Cope, 
californica 1968 


RR 


410.2% picloram-triisopropylaniene salt, 5.7% a.e., and 21.2% a.e. 2,4-D 
triisopropylaniene salt). 
bTordon 50-D. 


Studies with picloram (Tordon 50-D) have reported 96-hour LC59's for 
l-week-old tadpoles of 95 ppm for Adelotus brevis and 105 ppm for 


Limnodynastes peroni (Johnson, 1976). 
Sulfometuron Methyl 


Acute toxicity tests using technical sulfometuron methyl were conducted 
with representative aquatic species, including bluegill, rainbow trout, 
crayfish, and Daphnia magna (table 6-17). The results indicate that this 
herbicide is only slightly toxic to aquatic organisms. 





The fathead minnow was used for early lifestage aquatic toxicity testing. 
No effect on embryo hatch or larval survival and growth was observed at 
concentrations of up to 1.2 mg/1 (DuPont, 1983b). 


The toxicity of sulfometuron methyl to amphibians has not been reported in 
the literature. No long-term studies of the effects of sulfometuron methyl 
on aquatic organisms have been reported. 


Tebuthiuron 


The toxicity of tebuthiuron to aquatic organisms is summarized in 

table 6-18. This herbicide is practically nontoxic to most fish and 
invertebrates. Acute toxicity values are greater than 100 ppm for all 
aquatic species tested with the exception of the pink shrimp (96-hour 

LCso = 48 ppm). Based on early life stage studies, NOEL's of 26 ppm have 
been determined for rainbow trout, 9.3 ppm for fathead minnow, and 21.8 ppm 
for Daphnia magna. No studies are available on amphibians. 
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Triclopyr 


The toxicity of triclopyr to aquatic species is summarized in table 6-19. 
The butoxyethyl ester is highly toxic to fish, whereas the triethylamine 
(TEA) salt is practically nontoxic. The 96-hour LC5q9 for bluegill 

exposed to the butoxyethyl ester is 0.87 ppm and is 891 ppm for exposure to 
the triethylamine salt. Unformlated triclopyr also is practically 
nontoxic to aquatic organisms. An 8-day embryo-larval study with fathead 
minnows exposed to the TEA salt formulation determined an MATC of 91 ppm 
based on mortality (Mayes et al., 1984). The hatchability of the embryos, 
development, and growth of the fry were not significantly affected. No 
toxicity studies have been reported with amphibians. 


Table 6-17 


Toxicity of sulfometuron methyl to aquatic organisms 


Species Concentration Effect 
(ppm) 
Rainbow trout SEY 96-hr LCs5o 
Bluegill Di 2goo 96-hr LC5o 
Fathead minnow ee No effect on eggs or 
larvae 
Crayfish >5,0005 96-hr LC59 
Water flea 
D. magna PQ soo 48-hr LC5o 
8, 500° 48-hr EC59 


4aThis represents the limits of solubility for the technical product 
under the reported test conditions. 

btTechnical product; experimental conditions (pH) were adjusted to 
increase solubility. 

€75% dry flowable formulation. 


Source: DuPont, 1983b; Fred O'Neal, DuPont, Agricultural Products 
Department, Wilmington, Delaware, personal: communication, 1987. 
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Table 6-18 


Toxicity of tebuthiuron to aquatic organisms 


Species Concentration Effect Source 
(ppm) 
Rainbow trout 144 96-hr LC59 USDA, 1986 
eggs and larvae 26 NOEL, no effects USDA, 1986 


on hatchability, 
growth, behavior, 
development, or 
survival; reduced 
growth and survival 


at 52 ppm 
Bluegill MTZ 96-hr LC5o USDA, 1986 
Fathead minnow >160 96-hr LC50 Todd et al., 1974, 
(technical) as cited in USDA, 1986 
eggs and larvae 9.3 NOEL, no effects USDA, 1986 


on hatching, 
growth, develop- 
ment, behavior, 
or survival; 
reduced growth 


at 18 ppm 
Goldfish >160 96-hr LC59 Todd et al., 1974, 
as cited in USDA, 1986 
Fiddler crab >320 96-hr LC5o, USDA, 1986 
320 ppm was 


highest concen- 
tration tested 


Pink shrimp 48 96-hr LCs USDA, 1986 
Water flea 
D. magna 297 48-hr EC59 USDA, 1986 
21.8 No effects on USDA, 1986 
reproduction, 


growth, or 
survival with 
lifetime exposure 


Oyster 
embryos 180-320 48-hr ECs, USDA, 1986 
abnormal 
development 
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Species 


Rainbow trout 


Bluegill 


Fathead minnow 


embryo-larval 
stages 


Crab 


Table 6-19 


Toxicity of triclopyr to aquatic organisms 


Concentration 
(ppm) 


0.748 


552b 


ah, 


0.874 


g91b 
148 


120 (104-140) °*° 


101 
(88.5-116)b»¢ 
245 (224-269)> 


g1b 


>1,0004 


Effect 


96-hr LC59 


96-hr LC50 


96-hr LC50 


96-hr LC59 


96-hr LC59 
96-hr LC509 


96-hr LC50 
(Toxicity increased 
with temperature 
between 17 to 
2040) 

8-day LC59 


96-hr LC59 
Static test 


MATC at 8 days 
based on 
mortality; 

no significant 
effects on 
hatchability, 
development, 
or growth 


96-hr LC59 
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Source 


Dow Chemical Company, 
1983, as cited in 
USDA, 1984 

Dow Chemical Company, 
T9335 as) cited in 
USDA, 1984 

Dow Chemical Company, 
1983, /asecited in 
USDA, 1984 


Dow Chemical Company, 
1983, as cited in 
USDA 1984 


Mayes et al., 1984 


Mayes et al., 1984 


Mayes et al., 1984 


Mayes et al., 1984 


Dow Chemical Company, 
1983, as cited in 
USDA, 1984 


Table 6-19 (continued) 


Toxicity of triclopyr to aquatic organisms 


Species Concentration Effect Source 
(ppm) 
Shrimp 895d 96-hr LCs5q Dow Chemical Company, 
1983, as cited in 
USDA, 1984 
Water flea phen lye) 48-hr LC59 Gersich et al., 1984 
D. magna (1,030-1,340)b,e 
1,140 21-day LC59 Gersich et al., 1984 
(950-1,590)b,e 
1106 MATC based on Gersich et al., 1984 


total young 
and brood size 


Oyster 56-874 48-hr LC5o Dow Chemical Company 


1983, as cited in 
USDA, 1984 





8Garlon 4 butoxyethyl ester. 

bearlon 3A triethylamine salt (TEA) or other TEA. 
CFlow-through tests. 

dgGarlon 3A unspecified formulation. 

fRange is 95% confidence interval. 
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Section 7 
WILDLIFE AND AQUATIC SPECIES EXPOSURES 


This section describes the estimated wildlife and aquatic species exposures 
to the 14 herbicides and additives used in Region 8. It discusses the 
representative species selected for exposure estimation and presents 
details of how exposures for each species were determined based on the 
species biology and the chemical application rates. 


WILDLIFE EXPOSURES 


Representative Wildlife Species 


Wildlife exposures were calculated for a group of wildlife species 
representative of those typically found in areas supporting forest vegetation 
in the Southeast. These species represent a range of phylogenetic classes, 
body sizes, and diets. The methodology used to determine the exposures is 

the same as that used in the environmental impact statements prepared by the 
U.S. Department of Justice, Drug Enforcement Administration, on the eradication 
of cannabis with herbicides (U.S. Drug Enforcement Administration, 1985, 1986) 
and the environmental impact statement prepared by the U.S. Department of the 
Interior, Bureau of Land Management, on the control of noxious weeds with 
herbicides (Bureau of Land Management, 1987). Table 7-1 lists the 
representative wildlife species. Table 7-2 gives the various biological 
parameters used for each representative species in the exposure analysis. 


Wildlife Data Sources 


The references used in the species selection and in deriving the biological 
parameters of each species were the following: 


(1) Distribution, Life History, and Diet 

e Birds: Robbins et al. (1966), Scott et al. (1977), Chapman (1966), 
Meyers and Johnson (1978), Wood and Niles (1978), Dickson (1978), 
Beal (1911), U.S. EPA (1984), Prickett (undated). 

e Mammals: Schmidt and Gilbert (1978), Burt and Grossenheider 
(1966), Hamilton and Whitaker (1979), Hamilton (1941), Sargeant 
(1978), Lockie (1959), Komarek and Komarek (1938), Odum (1949), 
Davis (1974), Davis (1978), Davis (1979), Lowery (1974). 

e Reptiles and Amphibians: Conant (1958), Auffenberg and Iverson 
(1979), Seehorn (1982), Dickerson (1969). 


(2) Physiology, Metabolism, Food Intake, and Weight 

_e@ Gordon et al. (1968), Hutchinson et al. (1968), Lasiewski and 
Dawson (1967), Kendeigh (1970), Lasiewski and Calder (1971), 
Schmidt-Nielsen (1975), Schmidt-Nielsen (1972), Sturkie (1965), 
Slobodkin (1961), Welty (1962), Zar (1968), Drozdz (1968), Odum 
(1971), Moore (1964), Altman and Dittmer (1962), U.S. EPA (1984), 
Kendeigh (1970), Seibert (1949), Banse and Mosher (1980), Odum et 
al. (1962), Damuth (1981), Kendeigh (1969). 


(fea 


Table 7-1 


Representative southeastern wildlife species 


Group Common Name 





Terrestrial vertebrates (class/food habit) 


Birds 
Insectivorous Common flicker 
Red-cockaded woodpecker4 
Granivorous Bobwhite quail 
Omnivorous Eastern bluebird 
Piscivorous Belted kingfisher 
Carnivorous American kestrel 
Mammals 
Insectivorous Southern short-tailed shrew 
Red bat 
Granivorous Eastern gray squirrel 
Small herbivorous Pine vole 
Medium herbivorous Eastern cottontail 
Large herbivorous White-tailed deer 
Domestic cow 
Small omnivorous Cotton rat 
Medium omnivorous Eastern red fox 
Large omnivorous Black bear 
Piscivorous River otter 
Carnivorous Bobcat 
Amphibians 
Insectivorous Woodhouse toad 


2 


Table 7-1 (continued) 


Representative southeastern wildlife species 


a_i 


Group Common Name 





Reptiles (food habit) 


Omnivorous Eastern box turtle 

Carnivorous Hognose snake 

He rbivorous Gopher tortoiseb 
Invertebrates Earthworm 


American bird grasshopper 
Leafcutting ant 
Honey bee 





4Federally listed endangered species. 
bThreatened in the western part of its range; a "sensitive" species in 
the eastern part of its range. 


Wildlife Exposure Estimates 


Realistic and extreme acute exposure estimates were made for each 
representative species for each of the three major exposure routes: 
inhalation, dermal, and ingestion. For several reasons--the herbicides 
degrade relatively rapidly, sites are normally treated only once in a given 
year, and operations are performed only 1 to 3 times per rotation or an 
average (in the most frequent case) of once in 20 years--no analysis of 
chronic wildlife dosing was done. Because the herbicides show no tendency 
to bioaccumulate, as discussed in section 3, long-term persistence in food 
chains and subsequent toxic effects were not considered a problem and were 
not examined in the risk analysis. 


Herbicide doses for the representative species were calculated using 
conservative, simplified assumptions concerning routine application 
operations that give realistic dose estimates and highly unlikely (extreme) 
dose estimates in which animals are directly sprayed with herbicide. 
Exposures for realistic and extreme cases were based on the typical and 
maximum herbicide application rates for ground-mechanical applications 
(cable 7-3). 


For realistic doses, dermal exposures were based on the levels likely to be 
found on vegetation leaf surfaces because the animals are assumed to seek 
cover during a spraying operation. Extreme dose levels were estimated by 
assuming that animals do not seek cover and thus receive the full herbicide 
application rate on their entire body surface. 


i=3 
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Tablers—3 


Typical and maximum rates for ground-mechanical 
applications in Region 8 








Typical Rate Maximum Rate 
Herbicide/Additive kg/ha (1b/ac) kg/ha (1b/ac) 
2,4-D (ester) 4,48 (4.0) 7.85 (7.0) 
2,4-DP 4.48 (4.0) 6213 (6.0) 
Dicamba Hee! C20) 3.36 (3.0) 
Diesel oil 2.24 (2.0) 3.92 (365) 
Fosamine 8.69 Ciera) 13.45 C1230) 
Glyphosate 1.68 Cie) 4.48 (4.0) 
Hexazinone eon eh) 6.73 (6.0) 
Imazapyr 0.84 COe75) 1.68 (1.5) 
Kerosene Pe (e227) 5.09 (4.54) 
Limonene 1.00 (0.9) 4.04 (3.6) 
Picloram 0.78 COs?) 1eD2 (1.4) 
Sulfometuron methyl 0.19 COS179 0.41 (0.37) 
Tebuthiuron erie hi 0) Geass (6.0) 
Triclopyr (ester) 4,48 (4.0) 8.97 (8.0) 


The dermal penetration rates used in the human exposure analysis were used 
to determine mammalian wildlife dermal penetration (that is, the amount of 
chemical that penetrates the animal's skin). A dermal penetration rate of 
10 percent was assumed for the herbicides for which no dermal penetration 
data were available. In both realistic and extreme exposures, mammals and 
birds are assumed to receive an oral dose from grooming their fur or 
preening their feathers. This amount is subtracted from the amount they 
would receive from their dermal exposure. 


Because larger animals have larger home ranges, they are not as likely to 
feed on contaminated items at a particular site as are smaller animals. 
Therefore, realistic ingestion doses were assumed to come from animals 
eating a specified percentage of their daily food intake in contaminated 
items based on their body size. That is, the percentage of contaminated 
food intake decreases as body size increases. In the extreme case, the 
animals are assumed to feed entirely on contaminated food items. 


Inhalation exposures are assumed to come from a hypothetical amount of 
herbicide droplets forming a "cloud" that moves slowly offsite. 


The total systemic dose to each animal was calculated as the sum of the 
estimated doses received via dermal, ingestion, and inhalation routes. 
Tables 8-1 to 8-14 in the wildlife risk analysis section (section 8) give 
the total realistic and extreme dose estimates for the representative 
species. 


Exposure Calculations 


Inhalation Exposures. Wildlife inhalation exposures were assumed to come 


from animals breathing in herbicide spray droplets of respirable size (30 
microns in diameter or less) as a hypothetical "cloud" of those droplets 
moves slowly offsite. The cloud is assumed to be dispersed within the 
first 5 m above ground level on a 16.2-ha (40 ac) site 402 m on a side and 
to consist of respirable droplets that constitute 1 percent of the total 
applied herbicide by volume. Based on these assumptions, the airborne 
concentration is 0.0002242 mg/1 for each 1.12 kg/ha (1 1b/ac) applied. The 
cloud moves offsite at 0.9 m/sec (2 mph) and exposes animals on the 
downwind edge for 7.5 minutes in the realistic case. The wind is assumed 
to be 0.45 m/sec (1 mph) in the extreme case so that animals are exposed 
for 15 minutes. The nominal exposure was multiplied by the herbicide 
application rate and then by each animal's breathing rate. Their breathing 
rate in liters per minute is based on the following equations: 


284 x (Bwr/1000)*/” 


Birds: LPM = 7000 
Mammals: LPM = 379 x _(Bwr/1000)"°° 
i 1000 
Reptiles: LPM = .00334 
Amphibians: LPM = .007 
where: 


LPM is the animal's breathing rate in liters per minute 
BWI is the animal's body weight in grams 


The equations for birds and mammals were taken from Lasiewski and Calder 
(1971). The reptile value is from Gordon et al. (1968), who report a study 
on the collared lizard. The breathing rate for amphibians was from 
Hutchinson et al. (1968). As anticipated, the animal modeling results 
showed inhalation exposures to be only a small fraction of each species 
total dose. 


Dermal Exposures. Dermal exposures are assumed to come from two sources: 
(1) directly from herbicide spray at the deposition rate that should occur 
on vegetation leaf surfaces in the realistic case and at the herbicide 
application rate in the extreme case, and (2) indirectly by contact with 
contaminated vegetation. 


Fur, feathers, and scales afford varying degrees of protection against 
dermal exposure; by preventing the chemical from reaching the animal's 
skin, they may instead allow the chemical to dry or to be rubbed off in 


their movements. For this reason, the dermal penetration rate for each 
herbicide for mammals was adjusted for three other animal ciasses--birds, 
reptiles, and amphibians. Dermal penetration factors were multiplied by 
the mammalian penetration rate as follows: (1) birds, 0.75; (2) reptiles, 
0.15; and (3) amphibians, 5.0. The amphibian factor is high because the 
moist, glandular skin of the amphibian serves to a large extent as a 
respiratory organ and is much more permeable than the skin of the other 
animal classes (30 percent (5 to 93 percent) of body weight in water moves 
through skin in 24 hours according to Moore, 1964). 


Wildlife may receive indirect dermal exposure from moving through 
contaminated vegetation by transferring pesticide from the vegetation to 
their body surface. The amount transferred would depend on (1) the density 
of the vegetation, (2) the animal's body size in relation to the height of 
the vegetation, and (3) the amount of movement of the animal. 


To simplify the analysis, it was assumed that a certain percentage of the 
animal's total body surface received herbicide at the same level as the 
direct dermal exposure (either the level on leaf surfaces in the realistic 
case or at the application rate in the extreme case). That percentage was 
based on the animal's body size and a movement factor (MVF) to adjust for 
the taxonomic class. (Mammals, for example, are expected to move more than 
amphibians.) The animal's total body surface area was assumed to be a 
function of its weight according to the following formula (Kendeigh, 1970; 
Schmidt-Nielsen, 1972): 


BSA = 10 x (BWT)+667 

where: 
BSA is the animal's body surface area in cm 
BWI is the animal's body weight in grams 


The animal's vegetation contact percent (VCP) is based on its body weight 
in grams (BWT) according to the following formula: 


VCP = 2.89 (BWT)~-3//5 


The class adjustment factors (MVF's) for differing movement are as follows: 
(1) birds, 0.8; (2) mammals, 1; (3) reptiles, 0.3; and (4) amphibians, 

0.4. The indirect dermal dose (IND) is then calculated using the direct 
dermal dose (DDD): 


IND = DDD + (DDD x VCP x MVF) 
Mammals and birds groom themselves regularly and may receive an ingestion 
dose if their fur or feathers are contaminated. The percent of their body 
surface groomed (PBG) was assumed to be a decreasing function of their body 


size according to the following formula: 


PBG = 1.72 (BWT)7*2? 


L=8 


No grooming was assumed for reptiles and amphibians. The oral dose for 


mammals and birds from grooming was subtracted from the amount of herbicide 
that would contribute to the animal's dermal dose. 


Ingestion Doses. Each representative species was assumed to feed on 
contaminated food items according to a specified diet and to drink a 
specified amount of water. These dietary amounts are listed in table 7-4. 
Diets may vary from season to season and across the species range; the diet 
items and amounts were chosen to be a reasonable representation of what an 
individual animal might consume on a given day. The diet items--grass, 
forage vegetation, seeds, insects, and berries--are assumed to have the 
following contamination levels in ppm from ground application based on 
field studies by Hoerger and Kenaga (1972) for a 1-1b/ac application rate: 


Realistic Ext reme 

ee eee mee Ppie=———-—————— 
Grass 1.605 92 
Forage 0.439 a1) 
Seeds 0.040 Bae 
Insects 0.0627 4.8 
Berries 0.0199 1.6 


Water is assumed to be drunk in the realistic case from a stream offsite 
that reaches a concentration of 0.001267 ppm per pound of herbicide applied 
per acre for aerially applied herbicides and 0.0003 ppm for ground-applied 
herbicides. In the extreme case, water reaches a concentration of 

0.0068 ppm for aerially applied herbicides and 0.00063 ppm for 
ground-applied herbicides. Predators that feed on mice or toads are 
assumed to receive the total body burden that each of these prey species 
has received through the three exposure routes described above as a result 
of the herbicide spraying operation. Predators that feed on fish 
(piscivores) are assumed to receive residue levels based on the 
concentration in the water. In the realistic exposures, each species is 
assumed to consume a percentage of its daily intake in contaminated food 
items depending on its body size. The percentages of food contaminated 
(PFC) (listed in table 7-2) are based on the following formula: 


PFC = 100 x (1/(BWT)-2 


In the extreme case, each species' entire daily food intake is assumed to 
consist of herbicide-contaminated items. 


AQUATIC SPECIES EXPOSURES 


Representative Aquatic Species 


Representative species typical of aquatic habitats in the Southeast are 
given in table 7-5. These species were assumed to be exposed by immersion 
to estimated concentrations of the 11 herbicides and 3 additives in bodies 
of water with specified characteristics. 
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Representative aquatic species 





Class/Food Habit Fami ly Common Name 
Fish 
Insectivorous-piscivorous Salmonidae Rainbow trout 
Insectivorous Brook trout 
Insectivorous-piscivorous Cent rarchidae Largemouth bass 
Insectivorous-piscivorous Smallmouth bass 
Insectivorous Bluegill 
Insectivorous-piscivorous Green sunfish 
Omnivorous Cyprinidae Fathead minnow 
Herbivorous Clupeidae Gizzard shad 
Omnivorous Catostomidae Northern hogsucker 
Insectivorous Poeciliidae Mosquitofish 
Piscivorous Esocidae Chain pickerel 
Invertebrates 
He rbivorous Crayfish 
Detritivorous Water flea 
He rbivorous-omnivorous Stonefly nymph 
Detritivorous Eastern or 
Virginia oyster 
Amphibia 
Insectivorous Necturidae Mudpuppy 


a  ———————eKe_—gGOooorwrere 
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Aquatic Exposure Estimates 


Exposure was assumed to occur for herbicides that drift offsite from 
mechanical ground applications. Typical and maximum estimated 
environmental concentrations (EEC's) of each herbicide were computed for a 
body of water 0.61 m (2 ft) deep (see table 7-6) as described in the human 
exposure analysis in section 3. Typical EEC's were based on typical 
application rates and a distance of 20.1 m (66 ft) from the application 
site to the body of water; maximum EEC's were calculated using maximum 
application rates and a distance of 10.1 m (33 ft) to a water body. EEC's 
for kerosene were based on the fraction of kerosene in triclopyr ester 
formulations. 


To assess the effects of accidents, aquatic EEC's were calculated for a 
spill of an 18.9-liter (5-gal) can of herbicide into a pond, and) a spilisor 
a 378.5-liter (100-gal) helicopter load of herbicide mixture into a 
reservoir (table 7-6). In all cases, the spill into the pond results in 
higher EEC's than the spill into the reservoir. Concentrations were also 
calculated for accidental direct spraying of a body of water (table 7-6). 
The exposure levels from the typical and maximum EEC's and from the 
accident EEC's are described in section 8 on the aquatic species risk 
analysis. 
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Section 8 
WILDLIFE AND AQUATIC SPECIES RISK ANALYSIS 


The risk analysis considers potential wildlife and aquatic species impacts 
of using 14 herbicides and additives in the Region 8 vegetation management 
program. It determines that, even using very conservative assumptions to 
estimate possible exposures, in general, risks to wildlife and aquatic 
species from the Forest Service's vegetation management program are low. 


Wildlife and aquatic species risk from vegetation management with 
herbicides is a function of the inherent toxicity (hazard) of each 
herbicide to different organisms and of the amount of each chemical 
(exposure) those organisms may take in as a result of a vegetation 
Management operation. As in the analysis of human health effects, the 
wildlife and aquatic species risk analysis compares estimated acute 
exposures of representative species determined in the previous section with 
acute toxicity levels found in laboratory studies. Common and scientific 
names for all of the representative species are listed in table 8-35 at the 
end of this section. 


WILDLIFE RISK ANALYSIS 
Wildlife Risk Analysis Criteria 


For wildlife risks, the criteria used by EPA in ecological risk assessment 
(EPA, 1986) were used to judge the absolute risks to the different 
representative species and the relative risks among the 14 herbicides and 
additives. The EPA criteria call for comparison of an estimated 
environmental concentration (EEC) with a laboratory-determined LD5g or 
LC509 for the most closely related laboratory test species. 


Where the EEC exceeds 1/5 LDs59 or LC59, EPA deems it a significant risk 
that may be mitigated by restricting use of the pesticide. EPA judges 
EEC's that exceed the LD59 or LC509 as unacceptable risk levels. Doses 
below the 1/5 LD59 level are assumed to present a low risk. In this risk 
assessment, an organism's total estimated dose (rather than an EEC) is 
compared with the laboratory toxicity level because the dose comes from all 
exposure routes, not just feeding. 


Wildlife Toxicity Surrogates 


The toxicity of herbicides to wildlife varies among individuals of the same 
species (intraspecific), between different species (interspecific), and, 
often most markedly, between different classes of animals. Thus, an 
herbicide may be more toxic to birds than to mammals, or more toxic to fish 
than to birds. However, toxicity testing has been conducted on relatively 
few wildlife species, and the testing has been confined to a few avian and 
Mammalian wildlife species. Laboratory animal studies have been done on 
inbred strains of test animals, particularly rats and mice, to estimate 
human toxicity. 


8-1 


An analysis of the herbicide risk to wildlife compared estimated acute 
doses for the representative wildlife species described in section 7 with 
available hazard information on the most closely related species as 
described in section 6. Because the herbicides examined in this appendix 
show no tendency to bioaccumulate, long-term persistence in food chains and 
subsequent toxic effects, such as those that have resulted from the use of 
the persistent organochlorides, are not considered a problem and are not 
examined in the risk analysis. No analysis of chronic wildlife dosing was 
done for several reasons--the herbicides degrade relatively rapidly, sites 
are normally treated only once in a given year, and applications on a given 
site are performed only 1 to 3 times per rotation, or an average (in the 
most frequent case) of once in 20 years. 


Surrogates for Avian and Mammalian Toxicity 


Toxicity data on the most closely related avian or mammalian species are 
used for the wildlife risk comparisons. Except for limonene, herbicides 
and additives have been tested on at least one bird species. Mallard data 
are used only when no data on an upland species, such as the bobwhite, 
japanese quail, or pheasant, are available. Where no data on a mammalian 
wildlife species (for example, mule deer) are available, data on laboratory 
rats, mice, dogs, rabbits, or guinea pigs are used for comparison with 
representative species doses. 


Surrogates for Amphibian and Reptile Toxicity 


The U.S. Fish and Wildlife Service, in its testing of nearly 200 chemicals 
on terrestrial vertebrate wildlife species (Hudson et al., 1984), tested 19 
pesticides, principally organophosphate and carbamate insecticides, on the 
adult stage of the bullfrog. No tests were done on reptiles, and none of 
the herbicides and additives being evaluated for Region 8 were used in the 
tests on the bullfrog. There was a good correlation (r = 0.67) between the 
LD59's for the bullfrog and the LDs5g's for the mallard for the tested 
chemicals when 17 of the 19 chemicals were used in a prediction equation. 
The bullfrog LDs5qg's for 14 of the 19 pesticides were higher than those of 
the mallard. 


In its studies of aquatic species (Mayer and Ellerseick, 1986), the U.S. 
Fish and Wildlife Service tested 20 and 13 pesticides, respectively, on the 
immature stage (tadpole) of two amphibian species--Fowler's toad and the 
western chorus frog. Most of the tests were on organochloride and 
organophosphate insecticides. One of the herbicides being evaluated for 
Region 8, 2,4-D butoxyethanol ester, was tested on the Fowler's toad. 

There was a poor correlation (r less than 0.10) between the tadpole LC59's 
and mallard or rat LD59's for the same pesticides. Johnson (1976) reported 


studies of herbicide toxicity on 1- to 2-week-old tadpoles of three species 
of Australian amphibians. Picloram, 2,4-D, and dicamba were among the 10 
herbicides tested. In neither study were the data amenable to a translation 
from LC5g's for the tadpoles (from immersion exposure) to LDs5g's for 

the adult stage for exposure from dermal, ingestion, and inhalation. 


The U.S. Fish and Wildlife Service also reviewed the available data on the 
toxicity of environmental contaminants to reptiles (Hall, 1980). Most of 


Sa 


the data consisted of residue levels of organochlorides in reptiles 
collected fter field applications. There were no data of the type 
reported in the above amphibian studies relating dose levels to lethality; 
however, the author noted that bird data could serve as a guide for reptile 
toxicity because birds were closely related to reptiles, although, in 


general, reptiles appeared to be more susceptible to pesticides than birds 
or mammals. 


Thus, for the 14 herbicides and additives in this risk assessment, suitable 
data are lacking for terrestrial stages of amphibians and for reptiles. 
Because there is a reasonable correlation between avian and amphibian 
toxicity as indicated in the mallard versus bullfrog LD59 analysis and 
reason to suspect the same of avian and reptilian toxicity as noted by Hall 
(1980), available avian toxicity data were used as surrogates for both 
amphibians and reptiles. 


Wildlife toxicity reference levels used to assess the risks of the 11 
herbicides and 3 related additives are given in tables 8-1 through 8-14. 


Wildlife Exposure Analysis 


Tables 8-1 through 8-14 give the total realistic and extreme dose estimates 
for the 24 representative wildlife species for each of the herbicides and 
additives being evaluated for Region 8. 


The wildlife risk assessment tends to overstate the risks because many of 
the assumptions are quite conservative. For example, no degradation of the 
herbicides is assumed to occur and all herbicide sprayed is assumed to be 
biologically available. In the extreme exposures, the entire diet of an 
animal is assumed to consist of contaminated items, while in the realistic 
case, a significant percentage (7 to 61 percent, depending on body size 
based on exposure modeling assumptions) of the diet is assumed to be 
contaminated. Dermal exposures are assumed to come both directly from 
herbicide spray and indirectly from brushing up against treated 

vegetation. Birds and mammals are assumed to receive dermal doses through 
their skin and from grooming. This accumulation of doses from almost every 
conceivable route undoubtedly overestimates doses, even in the realistic 
case. Nevertheless, when these dose estimates do exceed the EPA risk 
criterion, and more so when they exceed the LD59 for the most closely 
related laboratory species, there is a clear risk of adverse effects on 
individual animals. 


Wildlife Risk Overview 


In general, based on the available toxicity data and on the proposed 
application rates, the risks to wildlife from the use of the 11 herbicides 
and 3 additives are low to negligible in the Region 8 vegetation management 
program. Estimated doses for realistic exposures exceed 100 mg/kg only for 
one herbicide, fosamine, and then only in two species, the shrew and the 
red bat. Except for small mammals and the smaller birds, realistic doses 
seldom exceed 10 mg/kg for any of the herbicides. The realistic dose 
estimates are well below the EPA risk criterion of 1/5 LDs5q and are far 
below the laboratory species LD5qg for the majority of the chemicals. 


8-3 


2,4-D and 2,4-DP present the highest relative risks to wildlife of the 
herbicides considered, although their absolute risks are moderate. 
Hexazinone, tebuthiuron, and triclopyr present low to moderate risks to 
wildlife. Glyphosate presents a low to very low wildlife risk. Fosamine, 
imazypyr, kerosene, limonene, picloram, and sulfometuron methyl present the 
lowest wildlife risks. 


Local populations of small mammals, small birds, terrestrial amphibians, 
and reptiles may be adversely affected if large areas are treated: however, 
the reproductive capacity of these species is generally high enough to 
replace the few lost individuals within the next breeding cycle. 
Populations of larger mammals and birds and any domestic animals present 
are not likely to be affected at all. 


The risks of the individual herbicides are discussed below. Literature 
references for the toxicity levels in laboratory species are given in the 
wildlife hazard analysis. Again, it must be noted that there are very few 
toxicity studies on which to base these conclusions. Avian toxicity data 
are particularly rare for most of the herbicides. 2,4-DP, glyphosate, 
hexazinone, kerosene, and sulfometuron methyl had only two or three 
laboratory animal LD59 tests to use in the analysis. Limonene had only a 
single rat oral LD59 to use. However, the conservatism used in 

estimating the wildlife doses should compensate for much of the uncertainty 
in the toxicity data base. 


Wildlife Risk From the Individual Herbicides 


The risks to wildlife from the use of 2,4-D are moderate. Estimated 
realistic wildlife doses (table 8-1) range from 7 to 33 mg/kg for birds and 
from less than 1 mg/kg for larger mammals to 12 to 71 mg/kg for small 
mammals. These doses are below the EPA 1/5 LD5g criterion for avian 
species. Small mammal doses approach the EPA level. Realistic doses for 
larger mammals are well below the EPA level as are the doses for amphibians 
and reptiles. Extreme dose levels for the majority of representative 
species approach or exceed the EPA risk level. Extreme doses for the 
bluebird, kestrel, and red-cockaded woodpecker approach the laboratory 
LDs59- Doses for small mammals exceed the laboratory species LD5q¢. 


Estimated wildlife dose levels of 2,4-DP (table 8-2) are comparable to 
those of 2,4-D. Small mammals may be at a moderate level of risk from the 
use of 2,4-DP. Their realistic dose levels represent a significant portion 
of the EPA 1/5 LDs5g risk level. Birds may also be at moderate risk. 
However, it must be noted that the LD59 for avian species is based on the . 
lethal level for 2,4-D in the Japanese quail and chukar because avian data 
on 2,4-DP are lacking. The extreme estimated doses for birds and small 
mammals exceed the EPA levels. It does not’ appear that larger mammals, 
amphibians, or reptiles are at risk from 2,4-DP use. 


Dicamba realistic doses (table 8-3) are well below the EPA 1/5 LDsg risk 
level for all representative species. Small mammal and smaller bird 
extreme doses approach the 1/5 LD59 level. The red bat dose exceeds it. 
So dicamba presents a lower risk to wildlife than either 2,4-D or 2,4-DP, 
although a few animals could be seriously affected or killed. 


8-4 


Table 8-1 


2,4-D wildlife and domestic animal doses 
compared with laboratory acute toxicity 





Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LDoo LDS Species 
eC ST AA sels tas ie Sage nk aera 

Birds 

Common flicker ik 101 60 300 Chukar 

Bobwhite quail 9 86 134 668 Japanese 

quail 

Eastern bluebird 33 289 60 300 Chukar 

Belted kingfisher 7 64 60 300 Chukar 

American kestrel 22 23) 60 300 Chukar 

Red-cockaded 22 199 60 300 Chukar 

woodpecker? 

Mammals 

So. s-tail shrew yz 480 76 380 Mouse 

Red bat aa 646 76 380 Mouse 

E. gray squirrel 6 Biz is 375 Rat 

Meadow vole 40 543 76 380 Mouse 

E. cottontail 4 100 84 424 Rabbit 

White-tailed deer 0.4 iby) 120 600 Deer 

Cotton rat 12 282 oe 375 Rat 

Eastern red fox 3 40 20 100 Dog 

Black bear 0.6 9 20 100 Dog 

River otter 1 10 20 100 Dog 

Bobcat 5 58 20 100 Dog 
Amphibians 

Woodhouse toad De 198 60 300 Chukar 
Reptiles 

E. box turtle 8 da 60 300 Chukar 

Hognose snake 28 249 60 300 Chukar 

Gopher tortoise> 0.4 25 60 300 Chukar 
Domestic animals 

Cow O52 19 10 50 Cow 

Chicken 2 21 76 380 Chicken 

Dog 0.8 7 20 100 Dog 


LEE EEE EEE 


4Federally listed endangered species. 
brederally listed threatened species. 
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Table .s=2 


2,4-DP wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic 
Dose 
Species Estimate 


Birds 
Common flicker 10 
Bobwhite quail 8 


Eastern bluebird 31 
Belted kingfisher 6 
American kestrel 20 
Red-cockaded va) 
woodpecker 


Mammals 
So. s-tail shrew 50 
Red bat 70 
E. gray squirrel 5 
Meadow vole 39 
E. cottontail 3 
White-tailed deer OZ 
Cotton fat 10 
Eastern fed fox 3 
Black bear 0.4 
River otter Os 
Bobcat 4 


Amphibians 
Woodhouse toad Os3 


Reptiles 
E. box turtle 


Hognose snake 
Gopher tortoise® 


Soro 
e 

OW O 
\o 


> 


Domestic animals 
Cow 
Chicken 
Dog 


On © 
e + 
1S) (=) 

~ 


Extreme 

Dose 5 

Estimate LDeo LDeg 
Sea W dacs cas Cn eg aaa 

79 60a 300 
67 1344 668 
238 60 300 
48 60 300 
190 60 300 
L6i, 60 300 
399 130 650 
5a3 130 650 
oy) 106 sey 
451 130 650 
80 106 sy ye 
ive 106 532 
231 106 D2 
30 106 532 
6 106 532 
5 106 S32 
45 106 532 
8 60 300 
3 60 300 
6 60 300 
19 60 300 
15 106 532 
14 60 300 
3 106 532 


Laboratory 
Species 


Chukar 
Japanese 
quail 
Chukar 
Chukar 
Chukar 
Chukar 


Mouse 
Mouse 
Rat 
Mouse 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 


Chukar 


Chukar 
Chukar 
Chukar 


Rat 
Chukar 
Rat 





4Based on the 2,4-D LDs5o. 


brederally listed endangered species. 
CFederally listed threatened species. 
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Table 8-3 


Dicamba wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LDs9 LDso Species 
ee ge (ITE Ah Ta ae wlan 

Birds 

Common flicker 5 43 ibs is) 673 Pheasant 

Bobwhite quail B) 57 135 673 Pheasant 

Eastern bluebird 16 124 15 673 Pheasant 

Belted kingfisher 4 PA TS5 Os Pheasant 

American kestrel 11 101 155 673 Pheasant 

Red-cockaded Tt 85 135 673 Pheasant 

woodpecker@ 

Mammals 

So. s-tail shrew 26 206 2398 1189 Mouse 

Red bat 36 277 238 1189 Mouse 

E. gray squirrel 3 ra ime ylh eo, Rat 

Meadow vole 20 233 238 Mils}s) Mouse 

E. cottontail 2 43 400 2000 Rabbit. 

White-tailed deer ee 6 400 2000 Rabbit 

Cotton rat 6 Pod tod Heyy Rat 

Eastern red fox 2 7, iioak 757 Rat 

Black bear OF3 4 iW LOY Rat 

River otter 0.6 4 iLeal Et Rat 

Bobcat 2 pag) iweml yaw) Rat 
Amphibians 

Woodhouse toad 11 85 135 673 Pheasant 
Reptiles 

E. box turtle 4 Si 30 (ow hs} Pheasant 

Hognose snake 14 107 135 673 Pheasant 

Gopher tortoise aes sla 13 673 Pheasant 
Domestic animals 

Cow 0.09 8 400 2000 Rabbit 

Chicken iW 9 eS) 673 Pheasant 

Dog 0.4 3 Toe 77 Rat 


Sn a 


aFederally listed endangered species. 
ederally listed threatened species. 
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Diesel oil realistic and extreme doses (table 8-4) are all well below the 
EPA risk level. No species should be directly affected in Region 8 by the 
use of diesel oil. 


Fosamine presents a negligible risk of wildlife effects even though the 
estimated wildlife dose levels (table 8-5) are higher than those from 2,4-D 
or 2,4-DP use because the fosamine laboratory animal LD50's range from 
5,000 to 24,400 mg/kg. As was the case with diesel oil, the realistic and 


extreme estimated doses of fosamine are well below the EPA 1/5 LD59 risk 
levels. 


The analysis indicates that estimated wildlife doses of glyphosate 

(table 8-6), pose a very low risk to wildlife from both realistic and 
extreme exposures. Only small mammals could be considered at any degree of 
risk because their extreme doses are a significant fraction of the EPA 1/5 


LD59 level. Birds and larger mammals, reptiles, and amphibians appear to 
be at very low to negligible risk from glyphosate. 


Hexazinone presents a low to moderate degree of risk to wildlife. The 
extreme doses to small mammals exceed the EPA risk level (table 8-7). The 
extreme doses to birds, amphibians, and reptiles represent significant 


portions of the EPA risk level, although none approaches the LD50. 
Hexazinone risks to larger mammals appears to be negligible. 


Imazapyr risks to wildlife are low to negligible based on the limited 
amount of laboratory data available (table 8-8). The highest estimated 
doses are the extreme doses to small mammals that range up to 138 mg/kg. 
The lowest EPA risk level is 400 mg/kg. No animals should die from 


imazapyr exposures, and there should be few if any sublethal effects. 


Kerosene, limonene, picloram, and sulfometuron methyl (tables 8-9 to 8-12) 
also present extremely low risks to wildlife again based on the very 
limited data available. Tebuthiuron (table 8-13) presents a very low risk 
to all wildlife species in the realistic exposure situations and a low risk 
to all wildlife species except small mammals under the extreme case 
exposures. Tebuthiuron wildlife risk appears to be lower than 2,4-D or 
2,4-DP but higher than dicamba. 


Triclopyr estimated doses (table 8-14), comparable to the doses of 2,4-D in 
the realistic case and slightly higher in the extreme case, present low to 
moderate risks to wildlife. Realistic doses are all below the EPA 1/5 

LD50 risk levels but extreme doses exceed the EPA levels in several birds 
and mammals. Small mammal extreme doses approach or exceed the laboratory 
animal LD59's. 


AQUATIC RISK ANALYSIS 


The risks of adverse effects from exposure to herbicides that drift offsite 
from mechanical ground applications were estimated for the representative 


aquatic species described in the previous Aaaiog (see table 7-5). Acute 
toxicity reference values (LC5q9's Re ECso' s)1 and chronic toxicity 


reference values (MATC's or NOEL's)! used in the analysis were selected 


for the representative species from the summary tables presented in the 
aquatic hazard analysis (section 6). 
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Table 8-4 


Diesel oil wildlife and domestic animal doses 
compared with laboratory acute toxicity 





Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LDe 9 Leo Species 
Pan gia soon = eer area AECL. Tersbage ape raipe hte coh int ite 
Birds 
Common flicker 6 5/ 3280 16400 Mallard 
Bobwhite quail 5 50 3280 16400 Mallard 
Eastern bluebird 17 5 Meats | 3280 16400 Mallard 
Belted kingfisher 4 38 3280 16400 Mallard 
American kestrel 12 127 3280 16400 Mallard 
Red-cockaded 12 108 3280 16400 Mallard 
woodpecker4 
Mammals 
So. s-tail shrew 27 oot 1476 7380 Rat 
Red bat 37 332 1476 7380 Rat 
E. gray squirrel 4 33 1476 7380 Rat 
Meadow vole 22 283 1476 7380 Rat 
E. cottontail 2 56 1476 7380 Rat 
White-tailed deer 0.4 9 1476 7380 Rat 
Cotton rat 7 150 1476 7380 Rat 
Eastern red fox 2, 24 1476 7380 Rat 
Black bear 0.4 6 1476 7380 Rat 
River otter 0.9 8 1476 7380 Rat 
Bobcat 3 33 
Amphibians 
Woodhouse toad ee 242 3280 16400 Mallard 
Reptiles 
E. box turtle 10 88 3280 16400 Mallard 
Hognose snake 35 308 3280 16400 Mallard 
Gopher tortoise> 0.5 15 3280 16400 Mallard 
Domestic animals 
Cow On 10 1476 7380 Rat 
Chicken 1 14 3280 16400 Mallard 
Dog 0.7 6 1476 7380 Rat 


a 


4aFederally listed endangered species. 
ederally listed threatened species. 


Table "8=5 


Fosamine wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LDso LDso Species 
Po Sa ae ae ae (ng/kg) 45-740 Ge 
Birds 
Common flicker 2 byes} 1000 5000 Bobwhite 
Bobwhite quail 18 148 1000 5000 Bo bwhite 
Eastern bluebird 63 496 1000 5000 Bobwhite 
Belted kingfisher 14 109 1000 5000 Bo bwhite 
American kestrel 42 402 1000 5000 Bobwhite 
Red-cockaded 42 341 1000 5000 Bo bwhite 
woodpecker? 
Mammals 
So. s-talleshrew 101 823 4880 24400 Rat 
Red bat 138 EO 4880 24400 Rat 
E. gray squirrel ml 89 4880 24400 Rat 
Meadow vole 78 930 4880 24400 Rat 
E. cottontail 7. 172 1476 -7380 Guinea pig 
White-tailed deer 0.8 25 1476 7380 Guinea pig 
Cotton rat Z3 483 4880 24400 Rat 
Eastern red fox 7 69 3000 15000 Dog 
Black bear i bys. 3000 15000 Dog 
River otter 2 17 3000 15000 Dog 
Bobcat 9 99 3000 15000 Dog 
Amphibians 
Woodhouse toad 42 340 1000 5000 Bobwhite 
Reptiles 
E. box turtle 1D 124 1000 5000 Bo bwhite 
Hognose snake 54 426 1000 5000 Bo bwhite 
Gopher tortoiseb 0.8 43 1000 5000 Bo bwhite 
Domestic animals 
Cow O23 32 1476 7380 Guinea pig 
Chicken 4 36 1000 5000 Bo bwhite 
Dog 2 2 3000 15000 Dog 





4Federally listed endangered species. 
ederally listed threatened species. 
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Table 8-6 


Glyphosate wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose iS Laboratory 
Species Estimate Estimate LDoo LDso Species 
Ma RN ae aa 

Birds 

Common flicker 4 58 928 4640 Quail 

Bobwhite quail 4 49 928 4640 Quail 

Eastern bluebird 2 165 928 4640 Quail 

Belted kingfisher 3 37 928 4640 Quail 

American kestrel 8 134 928 4640 Quail 

Red-cockaded 8 12 928 4640 Quail 

woodpecker 

Mammals 

So. s-tail shrew: 20 2705 800 4000 Rat 

Red bat 27 369 800 4000 Rat 

E. gray squirrel 2 30 800 4000 Rat 

Meadow vole 15 310 800 4000 Rat 

E. cottontail 2 Si 760 3800 Rabbit 

White-tailed deer O32 9 760 3800 Rabbit 

Cotton rat 5 161 800 4000 Rat 

Eastern red fox 2 ya) 800 4000 Rat 

Black bear 0.2 5 800 4000 Rat 

River otter 0.5 6 800 4000 Rat 

Bobcat 2 33 800 4000 Rat 
Amphibians 

Woodhouse toad 8 113 928 4640 Quail 
Reptiles 

E. box turtle 3 41 928 4640 Quail 

Hognose snake 1d 142 928 4640 Quail 

Gopher tortoise? 52 nG 928 4640 Quail 
Domestic animals 

Cow 0.05 Ll 760 3800 Rabbit 

Chicken i 12 928 4640 Quail 

Dog 0.3 4 800 4000 Rat 


re 


4Federally listed endangered species. 
ederally listed threatened species. 
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Table 8-7 


Hexazinone wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose LS Laboratory 
Species Estimate Estimate LDeo LDs9 Species 
rete See op pees 0 
- Birds 
Common flicker 5 87 452 2258 Bobwhite 
Bobwhite quail 4 74 452 2258 Bo bwhite 
Eastern bluebird 14 248 452 2258 Bobwhite 
Belted kingfisher 3 22 452 2258 Bo bwhite 
American kestrel 9 201 452 2258 Bobwhite 
Red-cockaded 9 171 452 2258 Bo bwhite 
woodpecker4 
Mammals 
So. s-tail shrew 22 412 356 1690 Rat 
Red bat 30 533 338 1690 Rat 
E. gray squirrel Z 45 338 1690 Rat 
Meadow vole Ly, 465 338 1690 Rat 
E. cottontail a 86 L7.2 860 Guinea pig 
White-tailed deer 0.2 13 172 860 Guinea pig 
Cotton rat 5 241 338 1690 Rat 
Eastern red fox al 34 338 1690 Rat 
Black bear Oe 8 338 1690 Rat 
River otter 6.5 9 338 1690 Rat 
Bobcat 2 50 335 1690 Rat 
Amphibians 
Woodhouse toad 9 170 452 2258 Bobwhite 
Reptiles 
E. box turtle 5 62 452 2258 Bobwhite 
Hognose snake 12 213 452 2258 Bobwhite 
Gopher tortoiseb 0,2 22 452 2258 Bobwhite 
Domestic animals 
Cow 0.08 16 Aly £7: 860 Guinea pig 
Chicken 0.9 18 452 2258 Bo bwhite 
Dog 0.4 6 338 1690 Rat 





4Federally listed endangered species. 
brederally listed threatened species. 


Table 8-8 


Imazapyr wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LDs9 LDso Species 
iat, (Tey SPER Ap etn peta 

Birds 

Common flicker 2 22 430 2150 Bobwhite 

Bobwhite quail iz 19 430 2100 Bo bwhite 

Eastern bluebird 6 62 430 2150 Bobwhite 

Belted kingfisher 1 14 430 2150 Bobwhite 

American kestrel 4 50 430 2150 Bo bwhite 

Red-cockaded 4 43 430 2150 Bo bwhite 

woodpecker? 

Mammals 

So. s-tail shrew 10 103 400 2000 Mouse 

Red bat 13 138 400 2000 Mouse 

E. gray squirrel 1 11 1000 5000 Rat 

Meadow vole 8 116 400 2000 Mouse 

E. cottontail O7 22 400 2000 Rabbit 

White-tailed deer 0.07 3) 400 2000 Rabbit 

Cotton rat 2 60 1000 5000 Rat 

Eastern red fox 0.6 9 1000 5000 Rat 

Black bear Ord Z 1000 5000 Rat 

River otter 0.2 2 1000 5000 Rat 

Bobcat 0.9 2 1000 5000 Rat 
Amphibians 

Woodhouse toad 4 43 430 2150 Bobwhite 
Reptiles 

E. box turtle 1 16 430 2150 Bobwhite 

Hognose snake 5 oe) 430 2150 Bobwhite 

Gopher tortoise 0.08 5 430 2150 Bobwhite 
Domestic animals 

Cow 0.03 4 400 2000 Rabbit 

Chicken 0.4 4 430 2150 Bobwhite 

Dog 0.2 2 1000 5000 Rat 


aFederally listed endangered species. 
ederally listed threatened species. 
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Kerosene wildlife and domestic animal doses 


Table 8-9 


compared with laboratory acute toxicity 





Realistic 
Dose 
Species Estimate 
Birds 


Common flicker 
Bobwhite quail 
Eastern bluebird 
Belted kingfisher 
American kestrel 
Red-cockaded 
woodpecker 


Mammals 
So. s-tail shrew 
Red bat 
E. gray squirrel 
Meadow vole 
E. cottontail 
White-tailed deer 
Cotton rat 
Eastern red fox 
Black bear 
River otter 
Bobcat 


Amphibians 
Woodhouse toad 


Reptiles 
E. box turtle 


Hognose snake 
Gopher tortoise 


Domestic animals 
Cow 
Chicken 
Dog 


20 


14 
14 


ia. 
40 
0.6 


Own 


4Based on diesel oil LD5o. 
brederally listed endangered 
CFederally listed threatened species. 


Extreme 
Dose 


Estimate 


314 


114 
399 
20 


13 
18 


species. 
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is 


EP 50 


32804 
3280 
3280 
3280 
3280 
3280 


5600 
5600 
5600 
5600 
5600 
5600 
5600 
5600 
5600 
5600 


- 5600 


3280 


3280 
3280 
3280 


5600 
3280 
5600 


16400 
16400 
16400 
16400 
16400 
16400 


28000 
28000 
28000 
28000 
28000 
28000 
28000 
28000 
28000 
28000 
28000 


16400 


16400 
16400 
16400 


28000 
16400 
28000 


Laboratory 


Species 


Mallard 
Mallard 
Mallard 
Mallard 
Mallard 
Mallard 


Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 


Mallard 


Mallard 
Mallard 
Mallard 


Rat 
Mallard 
Rat 


Table 8-10 


Limonene wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose 1/5 Laboratory 
Species Estimate Estimate LD59 LDso Species 
cana hte ome Eg ae a er rc 
Birds 
Common flicker 2 52 -- -- NA2@ 
Bobwhite quail 2 44 == ce NA 
Eastern bluebird A 149 -- -- NA 
Belted kingfisher 2 33 —— a NA 
American kestrel 5 neal oe == NA 
Red-cockaded 5 102 -- -- NA 
woodpecker 
Mammals 
So. s-tail shrew 2, 247 1000 5000 Rat 
Red bat 16 332 1000 5000 Rat 
E. gray squirrel 1 Zi), 1000 5000 Rat 
Meadow vole a 279 1000 5000 Rat 
E. cottontail 0.8 52 1000 5000 Rat 
White-tailed deer 0.09 8 1000 5000 Rat 
Cotton rat s) 145 1000 5000 Rat 
Eastern red fox 0.8 ZL 1000 5000 Rat 
Black bear 0.1 5 1000 5000 Rat 
River otter 0.3 5 1000 5000 Rat 
Bobeat 1 30 1000 5000 Rat 
Amphibians 
Woodhouse toad © 102 ns ala NA 
Reptiles 
E. box turtle 2 37, -- -- NA 
Hognose snake 6 128 oe = NA 
Gopher tortoise© 0.09 13 —— =< NA 
Domestic animals 
Cow 0.04 10 1000 5000 Rat 
Chicken 0.5 ata! —— ce NA 
Dog 0.2 4 1000 5000 Rat 


ne EEE 


4aNA = not available or not applicable. 
brederally listed endangered species. 
CFederally listed threatened species. 
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Table 8-11 


Picloram wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose v/5 Laboratory 
Species Estimate Estimate LDS 9 LDe9 Species 
<1 ae (me (ke) ee eee 

Birds 

Common flicker 2 18 400 2000 Pheasant 

Bobwhite quail 1 16 400 2000 Pheasant 

Eastern bluebird 5) 56 400 2000 Pheasant 

Belted kingfisher 1 iby 400 2000 Pheasant 

American kestrel 4 44 400 2000 Pheasant 

Red-cockaded 4 38 400 2000 Pheasant 

woodpecker 

Mammals 

So. s-tail shrew 9 93 400 2000 Mouse 

Red bat i 127 400 2000 Mouse 

E. gray squirrel 0.8 9 1640 8200 Rat 

Meadow vole 7 105 400 2000 Mouse 

E. cottontail On 19 800 4000 Rabbit 

White-tailed deer O..03 3 144 720 Sheep 

Cotton rat 2 54 1640 8200 Rat 

Eastern red fox OF 7 1640 8200 Rat 

Black bear 0.06 a 1640 8200 Rat 

River otter OoF ii 1640 8200 Rat 

Bobcat 0.7 11 1640 8200 Rat 
Amphibians 

Woodhouse toad 0.08 2 400 2000 Pheasant 
Reptiles 

E. box turtle 0.03 0.9 400 2000 Pheasant 

Hognose snake 0.09 2 400 2000 Pheasant 

Gopher tortoise> 0.008 4 400 2000 Pheasant 
Domestic animals 

Cow 0.01 4 144 720 Sheep 

Chicken O73 5 1200 6000 Chicken 

Dog 0.08 0.8 1640 8200 Rat 


-_— SS SSS 


4Federally listed endangered species. 
ederally listed threatened species. 
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Table 8-12 


Sulfometuron Methyl wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose ype) Laboratory 
Species Estimate Estimate LDso LD<o Species 
ee Ce ag Rig) serge miacn scr 

Birds 

Common flicker O25 5 1000 5000 Mallard 

Bobwhite quail 0.4 5 1000 5000 Mallard 

Eastern bluebird uf 15 1000 5000 Mallard 

Belted kingfisher 0.3 3 1000 5000 Mallard 

American kestrel 0.9 2 1000 5000 Mallard 

Red-cockaded 0.9 1d 1000 5000 Mallard 

woodpecker? 

Mammals 

So. s-tail shrew Zz 25 1000 5000 Rat 

Red bat 6) 34 1000 5000 Rat 

E. gray squirrel We 3 1000 5000 Rat 

Meadow vole 2 29 1000 5000 Rat 

E. cottontail OF 2 s 1000 5000 Rat 

White-tailed deer 0.02 0.8 1000 5000 Rat 

Cotton rat 0.5 15 1000 5000 Rat 

Eastern red fox Oe. 2 1000 5000 Rat 

Black bear 0.02 Oe5 1000 5000 Rat 

River otter 0.05 Wh) 1000 5000 Rat 

Bobcat 0.2 3 1000 5000 Rat 
Amphibians 

Woodhouse toad 0.9 ial 1000 5000 Mallard 
Reptiles 

E. box turtle 023 4 1000 5000 Mallard 

Hognose snake 1 13 1000 5000 Mallard 

Gopher tortoise> 0.02 1 1000 5000 Mallard 
Domestic animals 

Cow 0.008 1 1000 5000 Rat 

Chicken 0.09 1 1000 5000 Mallard 

Dog: 0.04 0.4 1000 5000 Rat 


I —————————— 


4Federally listed endangered species. 
ederally listed threatened species. 
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Table 8-13 


Tebuthiuron wildlife and domestic animal doses 
compared with laboratory acute toxicity 


Realistic Extreme 
Dose Dose 18/5 Laboratory 
Species Estimate Estimate LD< LDco Species 
wie eee O45") Mierniectememintese to Peg 

Birds 

Common flicker 3 87 400 2000 Bobwhite 

Bobwhite quail iz 74 400 2000 Bo bwhite 

Eastern bluebird 8 248 400 2000 Bobwhite 

Belted kingfisher 2 55 400 2000 Bo bwhite 

American kestrel 2 201 400 2000 Bobwhite 

Red-cockaded B) 17) 400 2000 Bo bwhite 

woodpecker@ 

Mammals 

So. s-tail shrew 13 412 116 579 Mouse 

Red bat 18 553 116 579 Mouse 

E. gray squirrel 1 45 129 644 Rat 

Meadow vole 10 465 116 579 Mouse 

E. cottontail 0.9 86 3% 286 Rabbit 

White-tailed deer Ord 13 yi 286 Rabbit 

Cotton rat 3 241 129 644 Rat 

Eastern red fox 0.9 34 100 500 Dog 

Black bear 0.1 8 100 500 Dog 

River otter 0.3 9 100 500 Dog 

Bobcat if 50 40 200 Cat 
Amphibians 

Woodhouse toad 5 170 340 2000 Bobwhite 
Reptiles 

E. box turtle 2 62 400 2000 Bobwhite 

Hognose snake 7 213 400 2000 Bobwhite 

Gopher tortoise eel 22 400 2000 Bobwhite 
Domestic animals 

Cow 0.04 16 SL 286 Rabbit 

Chicken Os5 18 100 500 Chicken 

Dog 0.2 6 100 500 Dog 


eS 


4Federally listed endangered species. 
ederally listed threatened species. 
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Triclopyr wildlife and domestic animal doses 


Table 8-14 


compared with laboratory acute toxicity 





Realistic 
Dose 
Species Estimate 
Birds 


Common flicker 
Bobwhite quail 
Eastern bluebird 
Belted kingfisher 
American kestrel 
Red-cockaded 
woodpecker? 


Mammals 
So. s-tail shrew 
Red bat 
E. gray squirrel 
Meadow vole 
E. cottontail 
White-tailed deer 
Cotton rat 
Eastern red fox 
Black bear 
River otter 
Bobcat 


Amphibians 
Woodhouse toad 


Reptiles 
E. box turtle 


Hognose snake 
Gopher tortoiseb 


Domestic animals 


Cow 
Chicken 
Dog 


Extreme 
Dose 1/5 
Estimate LDso 
jee (mg/kg) 
116 340 
99 340 
330 340 
73 340 
268 340 
228 340 
549 94 
738 oo 
60 126 
620 94 
15 62 
17 62 
322 126 
46 126 
10 126 
ua 126 
66 126 
226 340 
83 340 
284 340 
29 340 
ma 62 
24 340 
8 126 


1698 
1698 
1698 
1698 
1698 
1698 


471 
471 
630 
471 
310 
310 
630 
630 
630 
630 
630 


1698 


1698 
1698 
1698 


310 
1698 
630 


Laboratory 
Species 


Mallard 
Mallard 
Mallard 
Mallard 
Mallard 
Mallard 


Mouse 
Mouse 

Rat 

Mouse 
Guinea pig 
Guinea pig 
Rat 

Rat 

Rat 

Rat 

Rat 


Mallard 


Mallard 
Mallard 
Mallard 


Guinea pig 
Mallard 
Rat 


eee en ee 


aFederally listed endangered species. 
ederally listed threatened species. 


In cases where no acute toxicity reference value was available for a 
representative species, a value was selected from the summary table using 
the value of the most closely related species. For fish species, 
preference was given to toxicity values of other species within the same 
genus or family. If no toxicity values were available for any member of 
that family, then the lowest value reported for any fish species was used. 
In the case of 2,4-DP, where values were not available for some species, 
reference values for 2,4-D butoxyethanol ester were used. 


To estimate the risk of adverse effects occurring, the selected toxicity 
reference values were compared to the typical and maximum estimated 
environmental concentrations of each herbicide for a body of water 0.61 m 
(2 ft) deep (see table 7-6). The ratio of the EEC to the LC5Q9 (or 

ECs509) is named the quotient value (Q-value). Typical EEC's were based on 
typical application rates and a distance of 20.1 m (66 ft) from the 
application site to the body of water. Maximum EEC's were calculated using 
maximum application rates and a distance of 10.1 m (33 ft) to a water 
body. EEC's for kerosene were based on the fraction of kerosene in 
triclopyr ester formulations. The Q-values were compared to the risk 
criteria proposed by EPA (1986) where the risks of adverse effects to fish 
or invertebrates are estimated as follows: 


Q- value Risk 

EEC/LC,) 0.1 No acute risk 

EEC/LC, > 0.1 and Presumption of risk that may be 
mitigated 

<2.0%5 

EEC/LC, 055 Presumption of significant risk of 
acute effects 

EEC < NOEL or MATC No chronic risk 


Results of the Risk Analyses 


Acute Toxicity 


The results of the risk analysis indicate that there is no significant risk 
of acute adverse effects to any of the representative aquatic species for 
typical and maximum exposures resulting from drift. All Q-values are less 
than 0.1. The acute risks to the invertebrates and mudpuppy could not be 


estimated for some of the chemicals because sufficient toxicity information 
was not available (see table 8-15). Data were available for Daphnia for 
all but four of the chemicals; for amphibia, data were available only for 


lgee Section 6 for definitions of terms. 
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Table 8-15 


Availability of acute toxicity data for invertebrates and aquatic amphibia 





Species 
Herbicide Crayfish Water flea Stonefly-nymph Virginia oyster Mudpuppy 
2,4-D amine Yes4 Yes Nob No Yes 
2,4-D ester Yes Yes Yes Yes No 
2, 4-DP Yes Yes Yes Yes No 
Dicamba Nob Yes No No Yes 
Diesel fuel Yes No No No No 
Fosamine Yes Yes No No No 
Glyphosate-Rodeo No Yes No No No 
Glyphosate-Roundup Yes Yes Yes No No 
Hexazinone Yes Yes No Yes No 
Imazapyr No Yes No No No 
Kerosene Yes No No No No 
Limonene No No No No No 
Picloram and 2,4-D No Yes Yes Yes Yes 
Sulfometuron methyl Yes Yes No No No 
Tebuthiuron Yes Yes No Yes No 
Triclopyr amine Yes Yes No Yes No 
Triclopyr ester No No No No No 





48Nata are available, see tables 6-8 to 6-19 for toxicity reference values. 
o data available. 


2,4-D amine, dicamba, and picloram (Tordon 101). No data were available 
for limonene for any aquatic invertebrate or amphibian. 


Chronic Toxicity 


Very limited information is available on chronic toxicity in aquatic 
species for most of the chemicals. There are no chronic toxicity data for 
dicamba, fosamine, Rodeo, Roundup, imazapyr, or limonene; and there are 
data for only one species for 2,4-D ester, sulfometuron methyl, triclopyr 
amine, and triclopyr ester. Reasonably good information is available only 
for 2,4-D amine. 


The risks of chronic effects, such as reproductive success or long-term 
survival, were estimated for those chemicals and species where sufficient 
information was available. In all of these cases, there was no risk of 
significant effects (EEC < NOEL or MATC). 


In the absence of chronic toxicity information, the likelihood of long-term 
exposure to herbicide residues was evaluated. The fraction of initial 
herbicide residue remaining in water was calculated for 1, 2, and 3 weeks 
after herbicide application using herbicide degradation rates reported in 
the literature (see table 8-16). Degradation data are not available for 
limonene. Less than 10 percent of the initial residue remains at 3 weeks 
for 2,4-D amine, 2,4-D-ester, 2,4-DP, imazapyr, and triclopyr.- Residues of 
approximately 30 percent or greater remain at 3 weeks for fosamine, Rodeo, 
Roundup, picloram, sulfometuron methyl, and tebuthiuron. Hexazinone has 
the slowest degradation rate; approximately 63 percent of the initial 
residue remains after 3 weeks. In streams and other lotic (flowing) 
waters, herbicide concentrations would quickly be reduced by dilution and 
transport; however, chronic exposure could occur in ponds and lakes from 
those herbicides that degrade slowly. For typical conditions, the EEC's 
for fosamine, Rodeo, hexazinone, picloram, sulfometuron methyl, and 
tebuthiuron are all at least 10,000 times less than the lowest acute 
toxicity value (LC59 or EC5g) reported for each herbicide. It is 

unlikely that chronic effects would result from these estimated 
concentrations when there is such a large margin of safety for acute 
effects. The EEC for the maximum exposure to Roundup is approximately 360 
times less than the lowest acute toxicity value. In this case, the risk of 
chronic effects is probably low because the margin of safety for acute 
effects is high. 


Accidents 


EEC's were calculated for a spill of a can containing 19 1 (5 gal) of 
herbicide into a pond and a spill of a helicopter load of 379 1 (100 gal) 
of herbicide mixture into a reservoir (see table 7-6 in section 7). In all 
cases, the spill into the pond results in higher EEC's than the spill into 
the reservoir (tables 8-17 through 8-33). No significant acute effects are 
expected for spills of 2,4-D amine, dicamba, fosamine, Rodeo, hexazinone, 
imazapyr, picloram + 2,4-D, sulfometuron methyl, tebuthiuron, or triclopyr 
amine; also, no significant effects are expected from a spill into a 
reservoir of diesel fuel, Roundup, or triclopyr ester (see tables 8-17, 
8-20, 8-22, 8-23, 8-25, 8-26, 8-29, 8-30, 8-31, and 8-32). Significant 
adverse acute effects, including death, would be expected for all 
representative fish species from a spill into a pond for 2,4-D ester, 
2,4-DP, diesel fuel, Roundup, kerosene, limonene, or triclopyr ester 
(tables 8-18, 8-19, 8-21, 8-24, 8-27, 8-28, and 8-33). Stonefly nymphs 
also would be adversely affected from spills of 2,4-D ester and 2,4-DP 
(tables 8-18 and 8-19). No significant effects are expected for those 
invertebrates where there is sufficient toxicity information to estimate 
risk (see table 8-15 for data gaps). 


Estimated herbicide concentrations in a body of water that is accidentally 
directly sprayed at typical application rates are greater than those 
estimated for the reservoir-spill. The EEC's are less than those estimated 
for the pond spill, except for 2,4-D + picloram, where the EEC's are 
approximately equal. At maximum application rates, the EEC's for direct 
spraying are greater than the EEC's for the reservoir spill, and they are 
greater than the EEC's for the pond spill for dicamba, fosamine, 
hexazinone, picloram + 2,4-D, and triclopyr amine. 


Bal 


Table 8-16 


Fraction of initial herbicide residues 
remaining in water at weekly intervals 


a 


Herbicide Half-Life? 1 Week 2 Weeks 3 Weeks 
(days) 
re eee eee ee ee een meee eee SE 
2,4-D amine 3.0 0.198 0.039 0.008 
2,4-D ester 33.0 0.198 0.039 0.008 
2,4-DP 6.0 0.446 0.198 0.088 
Dicamba 3.0 0.198 0.039 0.008 
Diesel fuel 6.0 0.446 05198 0.088 
Fosamine 18.0 0.764 0.583 0.446 
Glyphosate-Rodeo P20 0.667 0.446 Oo297 
Gly phosate-Roundup 20 0.667 0.446 0.297 
Hexazinone EWS 0.856 e733 0.628 
Imazapyr 4.0 0.297 0.088 0.026 
Kerosene 6.0 0.446 0.198 0.088 
Limonene No data oer =o ne 
Picloram, + 2,4-D 1550 0.724 0.524 ees Wes) 
Sulfomet methyl 14.0 0.707 0.500 0.354 
Tebuthiuron i gees 0.758 0.574 0.435 
Triclopyr amine 0.4 0.00001 9x10711 9.0x10716 
Triclopyr ester 0.4 0.00001 9x10711 9.0x10716 


48Sources: American Cyanamid Co. (1986); Dennis et al. (1977); 
Ghassemi et al. (1981); Han (1979); Harvey et al. (1985); Mabey et 
al. (1982); Rhodes (1980); USDA (1984); USDA (1986). 


In general, the risk to aquatic species is the same for the scenarios of 
direct spraying at maximum rates and the pond spill, with the exceptions of 
limonene and sulfometuron methyl in which risk from direct spraying is 
less. Aquatic species exposed to limonene as a result of direct spraying 
are at "slight" risk rather than the "significant" risk from a spill toa 
pond (see table 8-28). Exposure to sulfometuron methyl as a result of 
direct spraying results in Q-values indicating no significant risk compared 
to "slight" risk from a pond spill (table 8-30). 


POTENTIAL EFFECTS ON THREATENED OR ENDANGERED SPECIES 


Federal policies and procedures for protecting threatened and endangered 
species of fish, wildlife, and plants were established by the Endangered 
Species Act of 1973 (16 U.S.C. 1531 et seq.) and regulations issued 
pursuant to the act. The purposes of the act are to provide mechanisms for 
conservation of threatened and endangered species and the habitats upon 
which they depend, and to achieve the goals of international treaties and 
conventions related to endangered species. Under the act, the Secretary of 
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Table 8-17 


Risk analysis for 2,4-D amine for accidents 


i 


Representative Species LC59 or EC5g Q-Value Risk Level@ 
(ppm) (EEC/LC50) 


ee UE rE enn nnn IIEEISISSSS ESSE 


19 liter (5 gallon) drum spill into pond 
EEC = 1.7 ppm 


Rainbow trout >100 <0 02 No risk 
Brook trout >100 <0,.02 No risk 
Largemouth bass 236 0.007 No risk 
Smallmouth bass 236 0.007 No risk 
Bluegill 168 0.01 No risk 
Green sunfish 168 0.01 No risk 
Fathead minnow ESTs, 0.005 No risk 
Gizzard shad >100 < 05 02 No risk 
Northern hogsucker >100 <0.02 No risk 
Mosquitofish 405 0.004 No risk 
Chain pickerel >100 <0.02 No risk 
Crayfish >100 <0.02 No risk 
Water flea 4 0.4 Slightb 
Stonefly nymph ree = No data 
Virginia oyster aaa ; No data 
Mudpuppy 200 0.009 No risk 


No aerial use 


4Based on EPA (1986). 
bPpresumption of risk that may be mitigated according to EPA risk 
criteria. 


the Interior is required to determine which species are threatened or 
endangered and to issue regulations for the protection of those species. 


There are a number of threatened and endangered species on National Forest 
lands in Region 8. Three of those species were selected for analysis of 
potential impacts of Region 8 herbicide programs: the red-cockaded 
woodpecker (Picoides borealis), the smoky madtom (Noturus baileyi), and the 


gopher tortoise (Gopherus polyphemus). 


Analysis of potential effects on these species must include consideration 
of the potential for the species to be exposed to herbicides either 
directly or through their food supply. Potential herbicide exposures of 
the red-cockaded woodpecker and gopher tortoise were estimated in the 
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Table 8-18 


Risk analysis for 2,4-D ester for accidents 





Representative Species LC59 or EC59 §$Q-Value Risk Level? 
(ppm) (EEC/LC59) 





19 liter (5 gallon) drum spill into pond 
EEC = 1.7 ppm 


Rainbow trout 1.49 0 Significant 
Brook trout 1.49 P50 Significant 
Largemouth bass 152 1.0 Significant 
Smallmouth bass le2 1.0 Significant 
Bluegill dee2 1.0 Significant 
Green sunfish eee ae Significant 
Fathead minnow Ses 055 Significant 
Gizzard shad eee 1.0 Significant 
Northern hogsucker 12 1.0 Significant 
Mosquitofish 2 1.0 Significant 
Chain pickerel a2 150 Significant 
Crayfish >100.0 Oa2 No risk 

Water flea 5.6 OF3 Slightb 

Stonefly nymph 1.6 1.0 Significant 
Virginia oyster SHAS bes) Slight) 

Mudpuppy = == No data 


No aerial use 


48Based on EPA (1986). 
4Presumption of risk that may be mitigated according to EPA risk 
criteria. 


analysis of terrestrial wildlife. Exposures of the smoky madtom were 
estimated in the aquatic species risk analysis. 


Red-Cockaded Woodpecker 


Red-cockaded woodpeckers forage in mature pines by gleaning insects from 
the bark of trees or using the beak and tongue to remove insects from bark 
crevices. Mast and fruits may form a minor food source (Scott et al., 
1977). 


Herbicides may affect the red-cockaded woodpecker directly through oral or 
dermal doses as was shown for other wildlife species in this risk 
assessment. Two herbicides that appear to present a significant potential 
for direct toxic effects when applied to the woodpeckers' foraging or 
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Table 8-19 
Risk analysis for 2,4-DP for accidents 


i ee em 


Representative Species LC59 or EC5p9 «= Q-Va lue Risk Level@ 
(ppm) (EEC/LC50) 


19 liter (5 gallon) drum spill into pond 
EEC = 1.7 ppm 





Rainbow trout 1.49b lest Significant 
Brook trout 1.49b Tel Significant 
Largemouth bass ek 260 Significant 
Smallmouth bass hes | AS) Significant 
Bluegill Mewl 2.0 Significant 
Green sunfish “tas eu Significant 
Fathead minnow 3..3b OF) Significant 
Gizzard shad 1.25 lee Significant 
Northern hogsucker Nhegs) a0) Significant 
Mosquitofish pe2D oi Significant 
Chain pickerel 1.26 0 Significant 
Crayfish >100.0b <0.2 No risk 

Water flea 5.6b 0.3 Slight¢ 

Stonefly nymph 1.6b 1.2.0 Significant 
Virginia oyster 3.755 0.5 Slight¢ 

Mudpuppy co o= No data 


No aerial use 


4Based on EPA (1986). 

bBased on 2,4-D ester toxicity value because of limited information 
available for 2,4-DP. 

CPresumption of risk that may be mitigated according to EPA risk 
criteria. 


nesting areas are 2,4-D and 2,4-DP. While aerial and ground mechanical 
applications of these two herbicides can pose a serious threat to the 
birds, hand applications should not. The remaining herbicides present a 
moderately low to very low potential for toxic effects, even when it is 
assumed that the red-cockaded woodpeckers receive a direct spraying and 
feed exclusively on contaminated insects. 


Gopher Tortoise 


The gopher tortoise is found primarily in well-drained habitats, 
particularly in the sandhills and longleaf pine-turkey oak associations of 
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Table 8-20 


Risk analysis for dicamba for accidents 


Representative Species LC59 or EC5g Q-Value Risk Level4 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 0.46 ppm 


Rainbow trout 28 0.02 No risk 
Brook trout 28 0.02 No risk 
Largemouth bass 28 0.02 No risk 
Smallmouth bass 28 0,02 No risk 
Bluegill >50 <0.009 No risk 
Green sunfish 28 0.02 No risk 
Fathead minnow 28 0.02 No risk 
Gizzard shad 28 0.02 No risk 
Northern hogsucker 28 0.02 No risk 
Mosquitofish 28 0.02 No risk 
Chain pickerel 28 0.02 No risk 
Crayfish == aes No data 
Water flea ie 0.04 No risk 
Stonefly nymph =< =< No data 
Virginia oyster oss ae No data 
Mudpuppy 106 0.004 No risk 


No aerial use 


ee er 


aBased on EPA (1986). 


the Southeast where it feeds on herbaceous vegetation under open tree 
canopies. It occurs in the Ocala, Osceola, Apalachicola, Conecuh, and 
DeSoto National Forests (Seehorn, 1982). 


Maintaining herbaceous growth, by keeping an open tree canopy, and 
protecting burrows are essential in the recovery of the gopher tortoise. 


Because of its low metabolic rate and heavy carapace, the only significant 
route of herbicide intake by the gopher tortoise is its food. Earlier in 

the wildlife risk assessment it was shown that even in the extreme case the 
tortoise is not likely to receive a toxic dose of any of the 14 herbicides 


and additives evaluated. 


Table 8-21 


Risk analysis for diesel fuel for accidents 





Representative Species LC59 or EC5Q9 «§=6Q-Va lue Risk Level@ 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 3.1 ppm 


Rainbow trout P0819 <20.0 Significant 
Brook trout 20el9 <20.0 Significant 
Largemouth bass 20.09 <20.0 Significant 
Smallmouth bass PAST) <20.0 Significant 
Bluegill 20.19 <20.0 Significant 
Green sunfish pOeto <20.0 Significant 
Fathead minnow 20.19 <20.0 Significant 
Gizzard shad >0.19 <20..0 Significant 
Northern hogsucker 20.19 <20.0 Significant 
Mosquitofish PUsL9 <20.0 Significant 
Chain pickerel 2019 <20.0 Significant 
Crayfish 14.1 Oy) Slight} 
Water flea == aed No data 
Stonefly nymph =< cose No data 
Virginia oyster ae saat No data 
Mudpuppy he a No data 


379 liter (100 gallon) aerial spill into 
reservoir, EEC = 0.043 ppm 


Rainbow trout >0.19 <0.2 Slight > 
Brook trout puso <O52 Slight 
Largemouth bass >0.19 <02 Slight > 
Smallmouth bass >0.19 <0.2 Slight > 
Bluegill >0.19 COs Slight) 
Green sunfish 20519 <022 Slight 
Fathead minnow >0.19 <0.2 Slightb 
Gizzard shad >0.19 <0.2 Slight> 
Northern hogsucker >0.19 <0.2 Slight) 
Mosquitofish >0.19 <092 Slight} 
Chain pickerel 20al3 <0.2 Slight > 
Crayfish Lae -003 No Risk 
Water flea Th oe No data 
Stonefly nymph ice ss No data 
Virginia oyster “= =a No data 
Mudpuppy a — No data 


SS 


4Based on EPA (1986). 
bPresump tion of risk that may be mitigated according to EPA risk 
criteria. 
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Table 8-22 


Risk analysis for fosamine for accidents 


eee 


Representative Species LCs5g or ECso Q-Value Risk Level? 
(ppm) (EEC/LC59) 


(ee ee ee a 


19 liter (5 gallon) drum spill into pond 
EEC = 1.8 ppm 


Rainbow trout >100 <2 No risk 
Brook trout >100 <0O.2 No risk 
Largemouth bass 670 0.003 No risk 
Smallmouth bass 670 0.003 No risk 
Bluegill 670 0.003 No risk 
Green sunfish 670 0.003 No risk 
Fathead minnow >1, 000 <0.002 No risk 
Gizzard shad >100 <0.02 No risk 
Northern hogsucker >100 <0.02 No risk 
Mosquitofish >100 <O502 No risk 
Chain pickerel >100 <0.02 No risk 
Crayfish 33547 0.0005 No risk 
Water flea eos 0.001 No risk 
Stonefly nymph a ss No data 
Virginia oyster == —— No data 
Mudpuppy = = No data 


No aerial use 


4Based on EPA (1986). 


Smoky Madtom 


The smoky madtom is federally classified as an endangered fish species. It 
is found only within 10.5 km (6.5 mi) of Citico Creek, a tributary of the 
Little Tennessee River in Monroe County, Tennessee (Cindy Witkowski, U.S. 
Forest Service, personal communication, 1987). The madtom is probably a 
nocturnal insectivore, although little information is available on the 
fish's life history. The limited distribution of this species makes it 
highly vulnerable to extinction through any alteration of its habitat. 


The potential for contamination of the smoky madtom's critical habitat 
resulting from spraying of herbicides for vegetation management was 
evaluated. EPA uses a criterion of less than 1/20 of the lowest reported 


aquatic LC59 as a safe (minimal risk) acute exposure level for an 
endangered fish species. This criterion was used to estimate risk to the 
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Table 8-23 


Risk analysis for glyphosate, Rodeo formulation, for accidents 


Risk Level@ 


Representative Species LC59 or ECs5o Q-Value 


(ppm) (EEC/LCs5Q) 


19 liter (5 gallon) drum spill into pond 
EEC = 1.4 ppm 


Rainbow trout >1,000 <0.001 No risk 
Brook trout >1, 000 <0.001 No risk 
Largemouth bass >1,000 <0.001 No risk 
Smallmouth bass >1, 000 <0.001 No risk 
Bluegill >1,000 <0.001 No risk 
Green sunfish >1, 000 <0.001 No risk 
Fathead minnow >1,000 <0.001 No risk 
Gizzard shad >1, 000 <0.001 No risk 
Northern hogsucker >1,000 <0.001 No risk 
Mosquitofish >1,000 <0.001 No risk 
Chain pickerel >1,000 <0.001 No risk 
Crayfish cae = No data 
Water flea 930 0.001 No risk 
Stonefly nymph =S = No data 
Virginia oyster = isahee? No data 
Mudpuppy == ae No data 


379 liter (100 gallon) aerial spilivines 
reservoir, EEC = .09 ppm 


Rainbow trout >1,000 <0.0001 No risk 
Brook trout >1, 000 <0.0001 No risk 
Largemouth bass >1,000 <0.0001 No risk 
Smallmouth bass >1,000 <0.0001 No risk 
Bluegill >1,000 <0.0001 No risk 
Green sunfish >1,000 <0.0001 No risk 
Fathead minnow >1, 000 <0.0001 No risk 
Gizzard shad >1,000 <0.0001 No risk 
Northern hogsucker >1, 000 <0.0001 No risk 
Mosquitofish >1,000 <0.0001 No risk 
Chain pickerel >1, 000 <0.0001 No risk 
Crayfish —- ~<a No data 
Water flea 33.0 0.0001 No risk 
Stonefly nymph oa coms No data 
Virginia oyster == a No data 
Mudpuppy sek: 2¢ No data 


— SS SS 


4Based on EPA (1986). 


Table 8-24 


Risk analysis for glyphosate, Roundup formulation, for accidents 


Representative Species LC59 or EC5g Q-Value Risk Level 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 1.4 ppm 


Rainbow trout TEAS) AN Signa cant 
Brook trout Vee} 10 Significant 
Largemouth bass Theses) 0.8 Significant 
Smallmouth bass 1.8 0.8 Significant 
Bluegill ihe Ke) 0.8 Significant 
Green sunfish 1.8 0.8 Significant 
Fathead minnow Paes & 0.6 Significant 
Gizzard shad L3 a0 Significant 
Northern hogsucker URS abst) Significant 
Mosquitofish lee) 1.0 Significant 
Chain pickerel 8) 1.0 Significant 
Crayfish >1,000 <0.001 No risk 
Water flea 3 Oe Slight 
Stonefly nymph 10 Oe Slight > 
Virginia oyster swe oe a No data 
Mudpuppy -- -- No data 


379 liter (100 gallon) aerial spill into 
reservoir, EEC = .09 ppm 


Rainbow trout ae Ost Slight} 
Brook trout tha) Oe Slight > 
Largemouth bass Hey) 0.1 No risk 
Smallmouth bass Les Os No risk 
Bluegill WATS: Dok No risk 
Green sunfish eo Oak: No risk 
Fathead minnow PS} 0.08 No risk 
Gizzard shad re Orch Slight) 
Northern hogsucker Tips 5) oaks Slight > 
Mosquitofish Vo Oot Slight 
Chain pickerel 13 jae Slight > 
Crayfish >1,000 <0.0002 No risk 
Water -flea 3 0.06 No risk 
Stonefly nymph 10 0.02 No risk 
Virginia oyster — ae No data 

-— -- No data 


Mudpuppy 
ee EEE EEE ae 


aBased on EPA (1986). 
bpresump tion of risk that may be mitigated according to EPA risk 


criteria. 
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Table 8-25 


Risk analysis for hexazinone for accidents 


pe ee eee 
Representative Species LC59 or EC59 Q-Value Risk Level@ 
(ppm) (EEC/LC59) 


i 


19 liter (5 gallon) drum spill into pond 
EEC = 0.92 ppm 


Rainbow trout >180 <0.005 No risk 
Brook trout >100 <0.009 No risk 
Largemouth bass 370 0.002 No risk 
Smallmouth bass 370 0.002 No risk 
Bluegill 370 0.002 No risk 
Green sunfish 370 0.002 No risk 
Fathead minnow 274 0.003 No risk 
Gizzard shad >100 <0.009 No risk 
Northern hogsucker >100 <0.009 No risk 
Mosquitofish >100 <0.009 No risk 
Chain pickerel >100 <0.009 No risk 
Crayfish >1, 000 <0.009 No risk 
Water flea 151.6 0.006 No risk 
Stonefly nymph == == No data 
Virginia oyster 320 0.003 No risk 
Mudpuppy ca = No data 


No aerial use 


4Based on EPA (1986). 


smoky madtom. The results indicate that there is no risk (Q values are all 
less than 0.05) to the smoky madtom using typical application rates (see 
table 8-34). The same table also shows that no significant risk exists 
even when exposures are evaluated for maximum herbicide application rates 
and minimum buffer zones (table 8-34). 
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Table 8-26 


Risk analysis for imazapyr for accidents 


ee  ——— eee 


Representative Species LCs59 or EC5g9 §=Q-Value Risk Level@ 
(ppm) (EEC/LC59) 


nis 


19 liter (5 gallon) drum spill into pond 


EEC = 0.92 ppm 
nee eee 2 SA ppm ee 





Rainbow trout 110 0.008 No risk 
Brook trout TIO 0.008 No risk 
Largemouth bass >180 <0.005 No risk 
Smallmouth bass >180 <0.005 No risk 
Bluegill >180 <0.005 No risk 
Green sunfish >180 <0.005 No risk 
Fathead minnow 110 0.008 No risk 
Gizzard shad 110 0.008 No risk 
Northern hogsucker 110 0.008 No risk 
Mosquitofish 110 0.008 No risk 
Chain pickerel 110 0.008 No risk 
Crayfish a= == No data 
Water flea >350 <0.003 No risk 
Stonefly nymph ae = No data 
Virginia oyster oe — No data 
Mudpuppy pe ae No data 


379 liter (100 gallon) aerial spill into 
reservoir, EEC = 0.043 ppm 


Rainbow trout 110 0.0004 No risk 
Brook trout 110 0.0004 No risk 
Largemouth bass >180 <0.0002 No risk 
Smallmouth bass >180 <0.0002 No risk 
Bluegill >180 <0.0002 No risk 
Green sunfish >180 <0.0002 No risk 
Fathead minnow 110 0.0004 No risk 
Gizzard shad 110 0.0004 No risk 
Northern hogsucker 110 0.0004 No risk 
Mosquitofish 110 0.0004 No risk 
Chain pickerel 110 0.0004 No risk 
Crayfish == ote No data 
Water flea >350 <0.0001 No risk 
Stonefly nymph == ee No data 
Virginia oyster ore == No data 
Mudpuppy <= oe No data 


4Based on EPA (1986). 


Table 8-27 


Risk analysis for kerosene for accidents 


Representative Species LC59 or ECs Q-Value Risk Level@ 
(ppm) (EEC/LC50) 


19 liter (5 gallon) drum spill into pond 
EEC = 1.0 ppm 


Rainbow trout 70.19 <p. 0 Significant 
Brook trout >0.19 <5.0 Significant 
Largemouth bass POL19 <9-0 Significant 
Smallmouth bass 70.19 <520 Significant 
Bluegill Ge) <5.0 Significant 
Green sunfish 20.19 foe Significant 
Fathead minnow PO.19 <5.0 Significant 
Gizzard shad POs 19 <5.0 Significant 
Northern hogsucker DOV <5 20 Significant 
Mosquitofish PO.19 <520 Significant 
Chain pickerel PO. <5.0 Significant 
Crayfish 14.1 0.07 No risk 
Water flea ar = No data 
Stonefly nymph ae =< No data 
Virginia oyster Tes — No data 
Mudpuppy se == No data 


379 liter (100 gallon) aerial spill into 
reservoir, EEC = 0.13 ppm 


Rainbow trout DOL <Of7 Significant 
Brook trout Osteo <0.7 Significant 
Largemouth bass 20.19 Ue) Significant 
Smallmouth bass PO. 19 CO Significant 
Bluegill 20219 <O.7 Significant 
Green sunfish pOs19 ANE Significant 
Fathead minnow 20-19 <0.7 Significant 
Gizzard shad VOs1L9 UE Significant 
Northern hogsucker 2OeLo <0.7 Significant 
Mosquitofish 20519 <O27 Significant 
Chain pickerel 20.19 <O07 Significant 
Crayfish L464 0.009 No risk 
Water flea == =e No data 
Stonefly nymph cas as No data 
Virginia oyster oa ee No data 
Mudpuppy s ine No data 





4Based on EPA (1986). 
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Table 8-28 


Risk analysis for limonene for accidents 


Representative Species LC59 or EC5g Q-Value Risk Level@ 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 3.3 ppm 


Rainbow trout Dee 0.6 Significant 
Brook trout Dee 0.6 Significant 
Largemouth bass Oe 0.6 Significant 
Smallmouth bass Dez 0.6 Significant 
Bluegill Dae 0.6 Significant 
Green sunfish Dies 0.6 Significant 
Fathead minnow Diet 0.6 Significant 
Gizzard shad 5.2 0.6 Significant 
Northern hogsucker 5a 0.6 Significant 
Mosquitofish Dee 0.6 Significant 
Chain pickerel See 0.6 Significant 
Crayfish eo = No data 
Water flea == = No data 
Stonefly nymph == —— No data 
Virginia oyster oa ae No data 
Mudpuppy aoe: i No data 


379 liter (100 gallon) aerial spill into 
reservoir, EEC = 0.052 ppm 


Rainbow trout Dee 0.01 No risk 
Brook trout Dee 0.01 No risk 
Largemouth bass Dee 0.01 No risk 
Smallmouth bass Dae 0.01 No risk 
Bluegill Die2 0.01 No risk 
Green sunfish eZ 0.01 No risk 
Fathead minnow Dee 0.01 No risk 
Gizzard shad Dae 0.01 No risk 
Northern hogsucker Dee 0.01 No risk 
Mosquitofish Dek 0.01 No risk 
Chain pickerel ae 0.01 No risk 
Crayfish a Ta No data 
Water flea Sar ae No data 
Stonefly nymph at esas No data 
Virginia oyster oe ae No data 
Mudpuppy ee Sie No data 


eee 


aBased on EPA (1986). 


Table 8-29 


Risk analysis for picloram + 2,4-D mixture for accidents 


Representative Species LC59 or EC5g9 §8Q-Value Risk Level@ 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EECr=7.0212 ppm 


Rainbow trout 40.4 0.003 No risk 
Brook trout 64.9 0.002 No risk 
Largemouth bass 40.4 0.003 No risk 
Smallmouth bass 40.4 0.003 No risk 
Bluegill 40.4 0.003 No risk 
Green sunfish 40.4 0.003 No risk 
Fathead minnow 17.4 0.007 No risk 
Gizzard shad 17.4 0.007 No risk 
Northern hogsucker 17.4 0.007 No risk 
Mosquitofish 17.4 0.007 No risk 
Chain pickerel 17.4 0.007 No risk 
Crayfish — = No data 
Water flea 380 0.0003 No risk 
Stonefly nymph 48 0.003 No risk 
Virginia oyster 380 0.0003 No risk 
Mudpuppy 95 0.001 No risk 


No aerial use 


LL 


4Based on EPA (1986). 


Table 8-30 
Risk analysis for sulfometuron methyl for accidents 


——————— 


Representative Species LC59 or EC5g §#Q-Value Risk Level? 


(ppm) (EEC/LC59) 
ee eee et re ere eee 


19 liter (5 gallon) drum spill into pond 


EEC = 1.6 ppm 


Rainbow trout p25 <0.13 Slight> 
Brook trout Pleo <0.13 Slight} 
Largemouth bass wie <O.13 Slightb 
Smallmouth bass Paes) <0.13 Slight 
Bluegill D126 <0.13 Slightb 
Green sunfish pale? Bega <0.13 Slightb 
Fathead minnow PAWS <0.13 Slightb 
Gizzard shad plize. <O713 Slight> 
Northern hogsucker PAW apes <On13 Slightb 
Mosquitofish pee <0. 13 Slightb 
Chain pickerel pale sige <0.13 Slight> 
Crayfish >5,000 <0.00032 No risk 
Water flea b1255 <Oc13 Slightb 
Stonefly nymph ae ae No data 
Virginia oyster = == No data 
Mudpuppy = pat No data 


4Based on EPA (1986). 


No aerial use 


bPresumption of risk that may be mitigated according to EPA risk 


criteria. 


Table wos3r 


Risk analysis for tebuthiuron for accidents 


a ee a Re ae sa a i a ec 8 re ns ee ee 


Representative Species LCs5q or EC5g  Q-Value Risk Level@ 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 3.7 ppm 


Rainbow trout 144 O03 No risk 
Brook trout 144 0.03 No risk 
Largemouth bass ivaky? O503 No risk 
Smallmouth bass eZ 0.03 No risk 
Bluegill Liz 0.03 No risk 
Green sunfish ally O03 No risk 
Fathead minnow >160 O52 No risk 
Gizzard shad ie 0.03 No risk 
Northern hogsucker EZ 0.03 No risk 
Mosquitofish Lt2 O503 No risk 
Chain pickerel bay? 0.05 No risk 
Crayfish P20 <0.01 No risk 
Water flea 297 O50% No risk 
Stonefly nymph == = No data 
Virginia oyster 180 0.02 No risk 
Mudpuppy mae = No data 


379 aliter (00 gallon)“aerial spill into 
RESETVOIL, EEC 3=)0, 1/5 ppm 


Rainbow trout 144 0.001 No risk 
Brook trout 144 0.001 No risk 
Largemouth bass 2 0.002 No risk 
Smallmouth bass IN a 0.002 No risk 
Bluegill aT 0.002 No risk 
Green sunfish ini 0.002 No risk 
Fathead minnow >160 <0.001 No risk 
Gizzard shad 112 0.002 No risk 
Northern hogsucker 112 0.002 No risk 
Mosquitofish ih 0.002 No risk 
Chain pickerel ality 0.002 No risk 
Crayfish >320 <0.0005 No risk 
Water flea 297 0.0006 No risk 
Stonefly nymph rate ee No data 
Virginia oyster 180 0.001 No risk 
Mudpuppy = = No data 


4Based on EPA (1986). 








Table 8-32 
Risk analysis for triclopyr amine for accidents 


Representative Species LCs5g or EC5g Q-Value Risk Level4 
(ppm) (EEC/LC59) 


19 liter (5 gallon) drum spill into pond 
EEC = 1.4 ppm 


Rainbow trout Sie 0.003 No risk 
Brook trout 552 07003 No risk 
Largemouth bass 891 0.002 No risk 
Smallmouth bass 891 0.002 No risk 
Bluegill 891 0.002 No risk 
Green sunfish 891 0.002 No risk 
Fathead minnow 120 0. OF No risk 
Gizzard shad 120 0.01 No risk 
Northern hogsucker 120 OF OL No risk 
Mosquitofish 120 O20); No risk 
Chain pickerel 120 0.01 No risk 
Crayfish >1, 000 <0.001 No risk 
Water flea ee '0 0.001 No risk 
Stonefly nymph cae == No data 
Virginia oyster 56 0.02 No risk 
Mudpuppy aa Te No data 


No aerial use 





48Based on EPA (1986). 


Table 8-33 


Risk analysis for triclopyr ester for accidents 


Be eS SS ae 


Representative Species LC5g or ECs Q-Value Risk Level4 
(ppm) (EEC/LC50) 


ge 


19 liter (5 gallon) drum spill into pond 
EEC = 1.8 ppm 


Rainbow trout 0.74 Lew) Significant 
Brook trout 0.74 2e0 Significant 
Largemouth bass 0.87 Bou Significant 
Smallmouth bass OSs Ze Significant 
Bluegill 0.07 ZeU Significant 
Green sunfish 0.87 2.0 Significant 
Fathead minnow 0.74 230 Significant 
Gizzard shad 0.74 ZO Significant 
Northern hogsucker Ose ZO Significant 
Mosquitofish 0.74 200 Significant 
Chain pickerel 0.74 2.0 Significant 
Crayfish ea a No data 
Water flea ua ss No data 
Stonefly nymph ae aioe No data 
Virginia oyster = a= No data 
Mudpuppy ae ae No data 


379 liter (100 gallon) aerial spill into 
pesetvoin, SEEC = 20.23 eppm 


Rainbow trout 0.74 OF3 Slight> 
Brook trout 0.74 0.3 Slight> 
Largemouth bass 0.87 One Slight > 
Smallmouth bass 0.87 0.3 Slightb 
Bluegill 0.87 0.3 Slightb 
Green sunfish 0.87 Uses Slightb 
Fathead minnow 0.74 0.3 Slight> 
Gizzard shad 0.74 0.3 Slight> 
Northern hogsucker 0.74 SEE Slight) 
Mosquitofish 0.74 DES Slight> 
Chain pickerel 0.74 Oo Slight 
Crayfish = os No data 
Water flea ae 3 No data 
Stonefly nymph ae = No data 
Virginia oyster i —e, No data 
Mudpuppy ae nie No data 


4Based on EPA (1986). 


bPresumption of risk that may be mitigated according to, EPA risk 
criteria. 
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Table 8--34 


Acute risk to endangered fish species--Smoky madtom-- 
under routine conditions 


oo so cag gi gine oe > el 


Herbicide Lowest LC5q EEC Q-Value Risk Level 
(ppm) (ppm) (EEC/LC50) 
eer SS ee 
Typical 
2,4-D amine 4.0 0.0016 0.0004 No risk 
2,4-D ester 0.44 0.0025 0.006 No risk 
2,4-DP 0.446 0.0025 0.006 No risk 
Dicamba Aad 0.0013 0.0001 No risk 
Diesel fuel >0.19 0.0013 <0.007 No risk 
Fosamine 100 0.0049 0.00005 No risk 
Gly phosate-Rodeo 930 0.0010 0.000001 No risk 
Glyphosate-Roundup SS) 0.0010 0.0008 No risk 
Hexazinone 56 0.0011 0.00002 No risk 
Imazapyr 100 0.00048 0.000005 No risk 
Kerosene >0.19 0.0014 <0.008 No risk 
Limonene 5.2 0.00057 0.0001 No risk 
Picloram and 2,4-D ded ott 0.00044 0.00003 No risk 
Sulfometuron methyl >12.5 0.00011 <0.000009 No risk 
Tebuthiuron 48 0.0002 0.000004 No risk 
Triclopyr amine 101 0.0025 0.00003 No risk 
Triclopyr ester Oe 4 0.0025 0.003 No risk 
Maximum 
2,4-D amine 4.0 0.0036 0.0009 No risk 
2,4-D ester 0.44 0.0063 0.01 No risk 
2,4-DP 0.44 0.0054 0.01 No risk 
Dicamba Tk 0.0027 0.0002 No risk 
Diesel fuel >0.19 0.0031 <0.02 No risk 
Fosamine 100 0.017 0.0001 No risk 
Glyphosate-Rodeo 930 0.0036 0.000004 No risk 
Glyphosate-Roundup AS: 0.0036 0.003 No risk 
Hexazinone 56 0.0054 0.0001 No risk 
Imazapyr 100 0.0013 0.0001 No risk 
Kerosene DO. 9 0.0041 <0.02 No risk 
Limonene Se! 05.0032 0.0006 No risk 
Picloram and 2,4-D ae 0.0013 0.00007 No risk 
Sulfometuron methyl >12.5 0.00033 <0.00003 No risk 
Tebuthiuron 48 0.0023 0.00005 No risk 
Triclopyr amine 101 0.0051 0.00007 No risk 
Triclopyr ester 0.74 0.054 O01) No risk 


4aBased on EPA (1986). 
bThe lowest LCsg for 2,4-D butoxyethanol ester is used because of 


limited toxicity information available for 2,4-DP. 
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Table 8-35 


Species’ common and scientific names 





Common Name 


Scientific Name 





Birds 
Common flicker 
Bobwhite quail 
Eastern bluebird 
Belted kingfisher 
American kestrel 
Red-cockaded woodpecker 
Black-capped chickadee 
Bobwhite quail 
Cardinal 
Domestic chicken 
Chukar (partridge) 
Downy woodpecker 
Japanese quail 
Mallard 
Domestic pigeon (rock dove) 
Ring-necked pheasant 
Rose-breasted grosbeak 
Song sparrow 
White-breasted nuthatch 


Mammals 
Southern short-tailed shrew 
Red bat 
Eastern gray squirrel 
Pine vole 
Eastern cottontail 
White-tailed deer 
Domestic cow 
Cotton rat 
Eastern red fox 
Black bear 
River otter 
Bobcat 
Domestic cat 
Cottontail rabbit 
Domestic dog 
Fallow deer 
Guinea pig 
Rhesus monkey 
Moose 
House mouse 
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Colaptes auratus 
Colinus virginianus 
Sialia sialis 
Megaceryle alcyon 
Falco sparvarius 
Picoides berealis 
Parus atricapillus 
Colinus virginianus 
Cardinalis cardinalis 
Gallus gallus 
Alectoris chukar 
Picoides pubescens 
Coturnix japonica 
Anas platyrhynchos 
Columbia livia | 
Phasianus colchicus 
Pheucitus ludovicianus 
Melospiza melodia 
Sitta carolinensis 





Blarina carolinensis 
Lasiurus borealis 
Sciurus carolinensis 
Microtus pinetorum 
Sylvilagus floridanus 
Odocoileus virginianus 
Bos taurus 

Sigmodon hispidus 
Vulpes fulva 

Ursus americanus 
Lutra canadensis 

Lynx rufus 

Felis domesticus 
Sylvilagus floridanus 
Canis familiaris 
Dama dama 

Cavia cobaya 

Macaca rhesus 

Alces alces 


Mus musculus 











Table 8-35 (continued) 


Species' common and scientific names 


Common Name 


Mule deer 
Opossum 

Horse (pony) 
Prairie vole 
Domestic rabbit 
Raccoon 

Albino rat 

Red deer 
Reindeer 
Roedeer 

Sheep 

Skunk 

Swine 
White-tailed deer 


Amphibians 
Woodhouse toad 
Mudpuppy 
Frog@ 

Frog? 
Giant toad 


Reptiles 
Eastern box turtle 
Gopher tortoise 
Hognose snake 
Indigo snake 


Invertebrates 
Earthworm 
American bird grasshopper 
Leafcutting ant 
Honey bees 
Honey bee (referred to in text 
as bees) 


Aquatic invertebrates 
Blue crab 
Copepod? 
Crayfish 
Crayfish 
Eastern or Virginia oyster 
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Scientific Name 


Odocoileus hemionus hemionus 
Didelphis virginiana 
Equis caballus — 
Microtus ochrogaster 
Oryctolagus cuniculus 
Procyon lotor 

Rattus spp. | 

Cervus elaphus 
Rangifer tarandus 
Capreolus capreolus 
Ovis aries 

Mephitis mephitis 

Sus scrofa 

Odocoileus virginianus 


Bufo woodhousei 
Necturus maculosus 
Adelotus brevis 


Lymnodynastes peroni 


Bufo marinus 


Terrapene carolina 
Gopherus polyphemus 


Heterodon platyrhinos 
Drymarchon corais 


Lumbricus spe 
Schistocerca americana 
Atta texana — 

Apis melliferu 

Apis melifera 





Callinectes sapidus 


Nitocra spinipes 


Orconectes nais 


Procambarus sp. 
Crassostrea virginica 


Table 8-35 (continued) 


Species' common and scientific names 


Common Name 


Fiddler crab 
Glass shrimp 
Grass shrimp 
Mayfly@ 
Midge 

Pink shrimp 
Scud@ 

Seed shrimp 
Snail 
Sowbug@ 
Stonefly nymph 
Stonefly#4 
Stonefly4 
Water flea 


Fish 


Black bullhead 
Bluegill 

Brook trout 
Brown trout 
Carp 

Chain pickerel 
Channel catfish 
Chinook salmon 
Coho salmon 
Cutthroat trout 
Dolly Varden trout 
Fathead minnow 
Flagfish 
Gizzard shad 
Golden shiner 
Goldfish 

Grass carp 
Green sunfish 
Lake chubsucker 
Lake trout 
Largemouth bass 
Long-nosed killifish 


Scientific Name 


Uca pugilator 


Palaemonetes kadiakensis 


Palaemonetes pugio 
Ephemerella walkeri 
Chironomus plumosus 
Penaeus duorarum 
Gammarus sp. 
Cypridopsis vidua 
Lymnea sp. 

Asellus brevicaudis 
Nemoura sp. 
Pteronarcella badia 


Pteronarcys californica 
Daphnia sp. 





Ictalurus melas 
Lepomis macrochirus 
Salvelinus fontinalis 
Salmo trutta 


Cyprinus carpio 


Esox niger 


Ictalurnu punctatus 





Oncorhynchus tshawytscha 


Oncorhynchus kisutch 
Salmo clarki 


Salvelinus malma 
Pimephales promelas 
Jordanella floridae 
Dorosoma cepedianum 
Notemigonus crysoleucas 
Carrasius auratus 
Ctenopharyngodon idella 
Lepomis cyanellus 
Erimyzon sucetta 
Salvelinus namaycush 
Micropterus salmoides 
Fundulus similis 








Table 8-35 (continued) 


Species' common and scientific names 


Common Name Scientific Name 


Mosquitofish 
Northern hogsucker 
Pink salmon 
Pugnose minnow 
Rainbow trout 


Sheepshead minnow 
Smallmouth bass 


Gambusia affinis 


Hypentelium nigricans 
Oncorhynchus gorbuscha 
Notropis emiliae 

Salmo gairdneri 
Cyprinodon variegatus 
Micropterus dolomieui 





4No other common name available 
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GLOSSARY 


ADI--See acceptable daily intake. 
a.e.--See acid equivalent. 
aei.--See active ingredient. 


Absorption--The taking up of liquids by solids or the passage of a 
substance into the tissues of an organism as the result of several 
processes; that is, diffusion, filtration, or osmosis. 


Acceptable daily intake (ADI)--The maximum dose of a substance that is 
anticipated to be without lifetime risk to humans when taken daily. 


Acetylcholine--A chemical involved in transmission (carrying) of nerve 
impulses across junctions in the nervous system. 


Acid equivalent (a.e.)--The amount of active ingredient expressed in terms 
of the parent acid. 


Acre--43, 460 ft2. An area of land about 209 feet long by 209 feet wide. 


Active ingredient (a.i.)--The effective part of a pesticide formulation or 
the actual amount of the technical material present in the formulation. 


Actual dosage--The amount of active ingredient (not formulated product) 
that is applied to an area or other target. 


Acute poisoning--Severe poisoning which occurs after one exposure to a 
pesticide. 


Acute toxicity--The potential of a compound to cause injury or illness when 
given in a single dose or in multiple doses over a period of 24 hours or 
less. The quality or potential of a substance to cause injury or illness 
shortly after exposure to a relatively large dose. For aquatic studies, 
the period of exposure is 96 hours. 

Additive--See adjuvant. 


Adenoma--An abnormal growth of glandular tissue. 


Adjuvant (additive)--Something added to the pesticide mixture to help the 
active ingredient do a better job. Examples: wetting agent, spreader, 
adhesive, emulsifying agent, penetrant. 


Adsorption-—Adhesion of substances to the surfaces of solids or liquids. 
For example, the attraction of ions of compounds to the surfaces of solids. 


Aerosol--Suspension of finely divided particles or droplets in air. 
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Aliphatic materials--Chemically, those that have an open-chain molecular 
structure. As herbicides, they are less toxic to plants than aromatic 
compounds. 


Ames assay--A type of short-term test using bacteria in laboratory cultures 
to assess the mutagenic potential of a substance. 


Amine--Any of a group of organic compounds of nitrogen, such as ethylamine, 
CoHs5NH9, that may be considered ammonia derivatives in which one or 
more hydrogen atoms have been replaced by a hydrocarbon radical. 


Aromatic oils and solvents--Chemically, those that have unsaturated 


molecular structure. As herbicides, they are generally more toxic to 
plants than aliphatic materials. 


Assay--A test or measurement used to evaluate a characteristic of a 
chemical. See bioassay. 


BLM--U.S. Department of Agriculture; Bureau of Land Management. 
BPA--U.S. Department of Energy; Bonneville Power Administration. 


Bioaccumulation--The process of a plant or animal selectively taking in or 
storing a persistent substance. Over a period of time, a higher 
concentration of the substance is found in the organism than in the 
organism's environment. 


Bioactivation--A process whereby a plant takes in an apparently harmless 
chemical, which yields toxic breakdown products when metabolized by the 
plant. : 


Bioassay--A method for quantitatively determining the concentration of a 
substance by its effect on the growth of a suitable animal, plant, or 
microorganism under controlled conditions. 


Bole--A tree stem thick enough to yield saw timber, veneer logs, or large 
poles. 





Boom (herbicide spray)--A tubular metal device that conducts an herbicide 
mixture from a tank to a series of spray nozzles. It may be mounted 
beneath a helicopter or behind a tractor. 


Broadcast application--Uniform distribution of an herbicide over an entire 
area. 


Broad spectrum pesticides--General-purpose pesticides with a wide range of 
uses. They are effective when several different pests are a problem to 
control. 


Brown and burn--A method of site preparation in which brush is sprayed with 


herbicide and, after it has dried out, a controlled fire is set to dispose 
of the woody material. 


Ci=2 




















CFR--See Code of Federal Regulations. 


Cambium--The layer of cells under tree bark that lies between the xylem and 
phloem and gives rise to secondary growth. 


Cancer potency--A measure of the relative ability to cause cancer. 
Carcinogen--A substance capable of inciting cancer. 
Carcinogenic--Producing or inciting cancer. 
Carcinogenitity--Tendency of a substance to cause cancer. 
Carcinoma--A malignant or cancerous tumor. 


Carrier--The liquid or solid material added to a chemical compound to 
facilitate its application in the field. 


Chemical degradation--The breakdown of a chemical substance into simpler 
components through chemical reactions. 


Chemically inactive--Will not easily react with any other chemical or 
object. Examples: talc and clay. 


Chemical reaction--When two or more substances are combined and as a result 
undergo a complete change to make new substances or materials. 


Chromosome--Microscopic structures within the cell that are composed of DNA 
and contain the genes (hereditary determiners). 


Chronic (effects or toxicity)--Having poisonous or deleterious effects from 
prolonged exposure or repeated administration of a chemical. 


Chronic poisoning--Poisoning which occurs as a result of small, repeated 
doses of pesticide over a long period of time. 


Chronic toxicity--The effects of a series of small doses of a substance 
applied over a long period that may be related to changes in appetite, 
growth, metabolism, reproduction, and life span. 


Code of Federal Regulations (CFR)--The Code of Federal Regulations is a 
codification of the general and permanent rules published in the Federal 
Register by the executive departments and agencies of the Federal 
Government. The Code is divided into 50 titles that represent broad areas 
subject to Federal regulations. Each title is divided into chapters, which 
usually bear the name of the issuing agency. Each chapter is further 
subdivided into parts covering specific regulatory areas. 


The Code of Federal Regulations is kept up to date by the individual issues 


of the Federal Register. These two publications must be used together to 
determine the latest version of any given rule. 
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Cohort study--An epidemiology study where the individuals in the study have 
one or more common statistical factors (such as age or class membership). 


Commercial forest land--Forest land capable of bearing merchantable timber, 
currently or prospectively accessible, and not withdrawn from such use. 


Compatible pesticides-—-Compounds or formulations that can be mixed and 
applied together without undesirably altering their separate effects. 


Concentration--The amount of active ingredient or acid equivalent in a 
given volume of liquid or in a given weight of dry material. 


Conifer--An order of the Gymnospermae, comprising a wide range of trees, 
mostly evergreens that bear cones and have needle-shaped or scalelike 
leaves; timber commercially identified as softwood. 


Conjunctivitis--Inflammation of the mucous membrane that lines the inner 
surface of the eyelids. 


Contact herbicide--One that kills primarily by contact with plant tissue 
rather than as a result of translocation. Toxic upon contact with target 
or nontarget species. 


Cornea--The transparent anterior portion of the outer coat of the 
vertebrate eye covering the iris and the pupil. 


Critical habitat--The specific areas within the geographical area occupied 
by the species, at the time it is listed in accordance with the Endangered 
Species Act, on which are found those physical or biological features that 
are essential to the conservation of the species and that may require 
special management considerations or protection. Also included are 
specific areas, outside the geographical area occupied by the species at 
the time it is listed, which the Secretary determines are essential for the 
conservation of the species. 


Cytogenic--Refers to the structure or function of chromosomes within cells. 
DEA--U.S. Department of Justice; Drug Enforcement Agency. 

DNA--See deoxyribonucleic acid. 

Degrade--To decompose or break up. 


Degree of exposure--The amount or extent to which a person has been in 
contact with a toxic pesticide. 


Deoxyribonucleic acid (DNA)--Any of various nucleic acids that are the 
molecular basis of heredity in many organisms. 


Deposit--The pesticide on the leaves or skin or other surface immediately 
after pesticide application. 
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Dermal exposure--The portion of a toxic substance that an organism receives 


as a result of the substance coming into contact with the organism's body 
surface. 


Dermal toxicity--How poisonous a pesticide is to an animal when absorbed 
through the skin. 


Dermatitis--Inflammation of the skin. 


Desiccant--An herbicide whose mode of action is through the drying of plant 
tissues. 


Desorption--The removal of ions or compounds attached to the surfaces of 
particles of soil or organic matter. 


Detergent--A chemical (not soap) having the ability to remove soil or 
grime. Household detergents can be used as surfactants in herbicide sprays. 


Diluent--Any liquid or solid material that dilutes an active ingredient in 
the preparation of a formulation. 


Dislodgeable residue--A pesticide residue that can be removed from 
surfaces, such as foliage, by physical contact. 


Disposal--The act or process of discarding or throwing away a pesticide. 


Dominant lethal assay--A test to detect a mutation of a dominant gene that 
may be fatal to the next generation. Usually a male rodent is exposed to a 
chemical substance and later sequentially mated with two female animals. 
The females are sacrificed, and the number and status of the fetuses is 
recorded. 


Dormant--Not actively growing. 


Dormant spray-—-Pesticide application made before trees and other plant life 
begin to leaf out in the spring. 


Dosage rate--Quantity of a toxicant applied per unit area. Usually 
expressed as oz or lbs active ingredient per acre. 


Dose--The amount of chemical administered or received by an organisn, 
generally at a given point in time. 


Drift--That portion of a sprayed chemical that is moved by wind off a 
target site. 


Duff--The layer of fresh to slightly decomposed organic matter and the less 
decomposed humus on a forest floor. 





Dyspnea--Labored or difficult breathing, sometimes accompanied by pain. 
Normal when due to vigorous work or athletic activity. 


EA--See environmental assessment. 
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ECs5o--See median effective concentration. 
EPA--U.S. Environmental Protection Agency. 


EPA registration number--A number assigned by EPA to a product when it is 
registered that must appear on all labels for that product. 


Edema--An excessive accumulation of fluid in the cells, tissue spaces, or 
body cavities caused by a disturbance in the fluid exchange mechanism. 
Also known as dropsy. 





Endangered species--Any species in danger of extinction throughout all or a 
significant portion of its range that has been designated in the Federal 
Register as an endangered species. 


Environmental assessment (EA)--A concise public document that briefly 
provides sufficient evidence and analysis for determining whether to 
prepare an Environmental Impact Statement or to return a finding of no 
significant impact, aids an agency's compliance with NEPA when no 
Environmental Impact Statement is necessary, or facilitates preparation of 
a statement when one is necessary. 


Environmental fate--The transport, accumulation, and disappearance of an 
herbicide in the environment. 


Environmental impact statement (EIS)--A formal document to be filed with 
the Environmental Protection Agency that considers significant 
environmental impacts expected from implementation of a major Federal 


action. 


Ephemeral stream--A stream that flows only in direct response to 
precipitation and whose channel is above the water table at all times. 


Epidemiology--A science that deals with the incidence, distribution, and 
control of disease in a population. 


Ester--A compound formed by the reaction of an acid and an alcohol, 
generally accompanied by the elimination of water. 


Evapotranspiration--The process that returns soil moisture to the 
atmosphere, including evaporation and plant transpiration (uptake of soil 
water through roots and loss of water through leaves or needles). 


Exposure--The amount of contact with a pesticide. 


Exposure analysis--The estimation of the amount of chemicals that organisms 
receive during the application of pesticides. 


FAO--Food and Agricultural Organization (United Nations). 
FDA--U.S. Food and Drug Administration. 


FIFRA--See Federal Insecticide, Fungicide, and Rodenticide Act. 
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FSM--See Forest Service Manual. 


FWS--Fish and Wildlife Service. 


Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)--An act 
administered by EPA which requires that extensive toxicological studies be 


conducted on a pesticide in order to assess its potential hazard to humans 
and the environment. 


Federal Register--A daily Federal publication that publishes regulations 
and legal notices that have been issued by Federal agencies. 


Fetotoxic--Capable of producing adverse effects in a developing fetus. 


Foliar-acting herbicide--An herbicide that causes localized injury to plant 
tissue where contact occurs. 


Forest Service Manual (FSM)--An internal set of operating directives that 
governs Forest Service activities. 


Formulation--The form in which a pesticide is packaged or prepared for 
use. A chemical mixture that includes a certain percentage of active 
ingredient (technical chemical) with an inert carrier. 

Fuel--Any substance or composite mixture that can ignite and burn. 


Gavage--Feeding by way of a tube inserted into the stomach. 


Gene--The basic unit of heredity. Each gene occupies a specific place 
(locus) on a chromosome. 





Genotoxic--Harmful to genetic material (DNA). 


Germ cell--A functional sex cell that combines with the opposite sex cell 
for fertilization. Examples: sperm, egg. 


Girdling--Making continuous incisions around a living stem through at least 
both bark and cambium, generally resulting in the death of the tree. 


Granivorous-—-Feeding on grains and seeds. 
Granular products--Formulations in which the chemical is impregnated on or 
in vermiculite, attaclay, or other suitable carriers and then formed into 


granules or pellets. 


Ground water--Water residing in the interstices of soil and rock below the 
ground surface. 


HDT--Highest dose tested. 
HEW--U.S. Department of Health, Education and Welfare (obsolete 


Departmental name--replaced primarily by HHS and the Department of 
Education). 
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HHS--U.S. Department of Health and Human Services. 


Habitat--The physical and biological environment of a plant or animal where 
all essentials for its development and existence are present. 


Half-life--The time required for half the amount of a substance (such as an 
herbicide) in or introduced into a living system to be eliminated, whether 


by excretion, metabolic decomposition, or other natural process. 


Hazard--The risk of danger; the chance that danger or harm will come to the 
applicator, bystanders, consumers, livestock, wildlife, or crops, etc. 


Hazard analysis--The determination of whether a particular chemical is or 
is not causally linked to particular harmful effects. 


Hectare (ha)--10,000 square meters, or approximately 2.47 acres. 


Hematology--The science concerned with blood and the blood-forming tissues. 


Herbaceous--A plant that does not develop persistent woody tissue above the 
ground. 


Herbicide--A chemical used to control, suppress, or kill plants, or to 
severely interrupt their normal growth processes. 


Herbivore--An animal that exclusively eats plants. 


Heritable--Capable of being inherited or of passing to others by 
inheritance. 


Histology--The study of the microscopic structure of tissue. 
Histopathology--Study of tissue changes characteristic of disease. 
Hydrolysis--Decomposition or alteration of a chemical substance by water. 


Hyperplasia--An excessive proliferation of normal cells in the tissue of an 
organ. 


Hypertrophy--An increase in size of an organ or structure that does not 
involve tumor formation. 


Hypohatchet-~A tool used to inject herbicide into a tree trunk or woody 
stem. 


ICs5q-—-See median immobilization concentration. 


Inactive--Will not react chemically with anything; not involved in the 
pesticide action. 


Incompatible--Chemicals that cannot be mixed or used together. 
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Inert ingredients--All ingredients in a formulated pesticide product that 
are not classified as active ingredients. Note that inert as used here is 
a defined usage; many inert products are biologically active chemicals. 


Infiltration--The downward entry of water into the soil. 

Ingredient statement--The part of the label on a pesticide container that 
gives the name and amount of each pesticide chemical and the amount of 
inactive material in the mixture. 


Inhalation--To take air into the lungs, to breath in. 


Inhalation toxicity--How poisonous a pesticide is to man or an animal when 
breathed in through the lungs. 


Inject--To force a pesticide chemical into a plant, animal, building, or 
the soil. 


Insectivorous--Referring to an animal that eats insects; in common usage, 
incudes animals that eat insects and sometimes other selected invertebrates. 


Intermittent stream--A stream that flows only at certain times of the year 
when it receives water from springs or from some surface source, such as 


melting snow. 


Interval--The time period between two pesticide applications or between the 
last pesticide application and harvest. 


Intraperitoneal--Related to a structure or process occurring within the 
peritoneum, a membranous lining of the body cavity. 


Intravenous--Within or into a vein. 


In vitro--Pertaining to a test that is conducted outside the living body 
and in an artificial environment such as a test tube or petri dish. 


In vivo--Pertaining to a test that is performed within the living body of 
the organism. 


Kilogram (kg)--One thousand grams, or approximately 2.2 pounds. 
i--See liter. 

LCs5g--See median lethal concentration. 

LDs5g--See median lethal dose. 

LDT--Lowest dose tested. 


LEL--Lowest dose level at which toxic effects are observed. 


LOEL--See lowest-observed-effect level. 
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Label--All printed material on or attached to a pesticide container as 
required by law. 





Leach--Usually refers to the movement of chemicals through soil by water; 
may also refer to the movement of herbicides out of leaves, stems, or roots 
into the air or soil. 


Lethal--Deadly toxic, that is, causing death of target or nontarget species. 


Leukemia--A chronic or acute disease characterized by unrestrained growth 
of leukocytes (white blood cells). 


Lowest-observed-effect level (LOEL)--The lowest concentration of a 
substance that causes any effect in the test organisms. 


Lymphoma--A general term for growth of new tissue in the lymphatic system. 
mg--See milligram. 


mg /kg--Milligrams per kilogram. Used to designate the amount of chemical 
received per kilogram of body weight of test organisms. 1 mg/kg = 1 ppm. 
1 mg = 0.000035 ounce. 1 kg = 2.2 pounds. 


mg /kg/day--Milligrams per kilogram of body weight per day. 
mg/1--Milligrams per liter of solution. 

mi-—See milliliter. 

MOS--See margin of safety. 


Margin of safety (MOS)--The ratio between the animal no-observed-effect 
level (NOEL) and the estimated human dose. The larger the MOS, the smaller 
the estimated human dose and the lower the risk to human health. In this 
risk assessment, if the exposure exceeds the NOEL, then the MOS is 
expressed as the negative ratio of the exposure to the NOEL. 


Median effective concentration (EC59)--The concentration of a chemical 

at which some effect is observed for 50% of the test organisms. Often used 
where mortality (as an LC5Q) is difficult to observe. (The ICs5p9 is a 
specific example of an EC5q.) 


Median immobilization concentration (1C5q9)--Concentration at which 50 
percent of tested aquatic organisms will be immobilized. Used primarily 
for microorganisms for which it is difficult or impossible to determine 
whether individual organisms are alive or dead. 


Median lethal concentration (LC59)--The concentration of a chemical at 


which 50 percent of the test animals will be killed. It is usually used in 
testing of fish or other aquatic animals. 
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Median lethal dose (LD59)--The milligram of toxicant per kilogram of 
animal body weight (mg/kg) lethal to 50 percent of the test animals to 
which it is administered under the conditions of the experiment. 
Metabolic activation--The process of running a mutagenic assay in an 
environment containing a microsome fraction (centrifugal fraction 
containing metabolic enzymes). 


Metabolism--The chemical changes in living cells by which energy is 
provided for vital processes and new material is assimilated. 


Metabolite--A product of the chemical changes in living cells that provides 
energy and assimilates new material. 


Microbial degradation--The breakdown of a chemical substance into simpler 
components by bacteria. 


Microgram (ug)--One-millionth of a gram. 
Milligram (mg)--One-thousandth of a gram. 
Mitigate--To cause to become less harsh or harmful. 


Mitigation--Actions to avoid, minimize, reduce, eliminate, or rectify the 
impacts of a management practice. 


Mobility--The capability of an herbicide to be moved easily within soil, 
vertically or laterally, with the normal movement of water. 


Mutagen--A substance that tends to increase the frequency or extent of 
genetic mutations. 


Mutagenic--Causing changes in genetic material. 


Mutagenicity--The capacity of a substance to cause changes in genetic 
material. 


Mutation--A change in a gene potentially capable of being transmitted to 
offspring. 


NAS--National Academy of Science. 
NEPA--See National Environmental Policy Act. 


NEPA process--All measures necessary for compliance with the requirements 
of Section 2 and Title I of NEPA. 


NHL--See non-Hodgkin's lymphoma. 
NOEL--The no-observed-effect level. In a series of dose levels tested, it 


is the highest level at which no effect is observed; that is, safe in the 
species tested. 
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Necrosis--Death of a cell or group of cells as a result of injury, disease, 
or other pathologic state. 


Negligible residue--A tolerance which is set on a food or feed crop that 
will have a very small amount of pesticide at harvest as a result of 
indirect contact with the chemical. 


Neuropathy--Any disease affecting neurons, the fundamental functional unit 
of nervous tissues. 





Neurotoxic--Toxic to nerves or nervous tissue. 


Nominal concentration--The amount of a substance applied to a surface as 
opposed to the amount that penetrates that surface to form a solution. 


Nonaccumulative--Will not build up in an animal's body or in the 
environment. 


Non-Hodgkin's lymphoma--A new growth of tissue in the lymphatic system that 
is not considered to be Hodgkin's disease. 


Nonpersistent--Lasts only a short time (a few weeks or less) after being 
applied; breaks down rapidly in the environment. 


Nonselective pesticide--A pesticide chemical that will control a wide range 
of pests. 


Nontarget--Any plant, animal, or other organism that a pesticide 
application is not aimed at, but that may accidentally be injured by the 


chemical. 


Nontarget vegetation--Vegetation that is neither expected nor planned to be 
affected by herbicide treatment. 


Nonvolatile--A pesticide chemical that does not evaporate (turn into a gas 
or vapor) at normal temperatures. 


No-observed-effect level (NOEL)--In a series of dose levels tested, it is 
the highest level at which no effect is observed. 


Noxious weed--A plant regulated or identified by law as being undesirable, 
troublesome, and difficult to control. 


Omnivorous-—-Eating both animal and vegetable substances. 


Oncogenic--Capable of producing or inducing tumors, either benign 
(noncancerous) or malignant (cancerous), in animals. 


Oncology--The branch of medicine that studies tumors. 
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One-hit model--An equation used to describe the relationship between dose 
and the probability of contracting cancer. This equation, used at one time 
by EPA, predicts the greatest cancer probability at low doses of all 
commonly used models. 


Oral--By gavage or fed in the diet. 


Organic material--An accumulation of decayed and resynthesized plant and 
animal residues with a high capacity for holding water and nutrients. 


Ossification--The formation of bone. 
PADI--See provisional acceptable daily intake. 


ppm--See parts per million. 


Parenteral--Injection other than into the intestine. 


Parts per million (ppm)--The number of parts of the substance in question 
mixed per million parts of a carrier material. (1 ounce of salt in 62,500 
pounds of sugar). One ppm = 1 mg/kg (on a weight basis) = 1 mg/liter 
(water or air). 


Pathology--The study of the nature and cause of disease with respect to 
functional and structural changes. 


Penetrant--A kind of additive or adjuvant that aids the pesticide in 
getting through the outer surface (leaf, root, skin) and into the plant. 


Percolation--The flow of a liquid through a porous substance. 

Perennial stream--A stream that flows continuously year round. 
Persistence--The resistance of an herbicide to metabolism and environmental 
degradation and thus an herbicide's retention of its ability to kill plants 


for prolonged periods. 


Pest--An unwanted organism (animal, plant, bacteria, fungus, virus, etc.). 
See also "weed." 





Pesticide--Any substance or mixture of substances intended for controlling 
insects, rodents, fungi, weeds, or other forms of plant or animal life that 
are considered to be pests. 


Photodecomposition--The breakdown of a substance, especially a chemical 
compound, into simpler components by the action of radiant energy. 


Photolysis--See photodecomposition. 


Photooxidation--The process by which exposure to light removes electrons 
from chemical compounds. 


Phytotoxic--Poisonous or harmful to plants. 


G1-13 


Piscivorous--Habitually feeding on fish. 


Poison--Any chemical or agent that can cause illness or death when eaten, 
absorbed through the skin, inhaled, or otherwise absorbed by humans, 
animals, or plants. Note that a substance is a poison or not with respect 
to specific organisms. Animals may safely eat many things that are 
"poisonous" to humans. 





Preemergent--Applied prior to emergence of the specified weed or planted 
crop. 


Provisional Acceptable Daily Intake (PADI)--An interim value for the ADI of 
a chemical, pending new data. 


Rangeland--Any area on which the vegetation consists of native or 
introduced grasses, legumes, grasslike plants, forbs, or shrubs, and that 
is developed for range (grazing) use. Also counted as rangeland are native 


pastures or meadows that are occasionally cut or mechanically harvested and 
are grazed by livestock. 


Raptors--Birds of prey, such as owls, hawks, or eagles. 


Recessive lethal test--A test to detect a mutation of a recessive gene that 
may be fatal to the next generation. 


Recovery plan--An approved Fish & Wildlife Service plan that addresses 
recovery objectives for a plant or animal species listed as threatened or 
endangered. 


Reentry--The return of a worker to an area that has recently been treated 
with a pesticide. 


Residue--The quantity of an herbicide or its metabolites remaining in or on 
soil, water, plants, animals, or surfaces. 


Residue level--Amount of pesticide that may remain on a crop after 
harvesting. 


Resorption--Act of removal by adsorption. 


Riparian areas--Geographically delineated areas, with distinctive resource 
values and characteristics, that are comprised of the aquatic and riparian 
ecosystems, floodplains, and wetlands. They include all areas within a 
horizontal distance of 100 feet from the edge of perennial streams or other 
water bodies. 


Risk--The probability that a substance will produce harm under specified 
conditions. 


Risk analysis--The description of the nature and often the magnitude of 
risk to organisms, including attendant uncertainty. 
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Rotation--The number of years required to establish and grow a timber crop 
to a specified condition of maturity. The rotation includes a period for 
harvesting and stand re-establishment, usually 5 years. 


Runoff--That part of precipitation, as well as any other flow 


contributions, that appears in surface streams, either perennially or 
intermittently. 


STS--See soft tissue sarcoma. 


Safety factor--A factor conventionally used to extrapolate human tolerances 
for chemical agents from no-observed-effect levels in animal test data. 


Sarcoma--Cancer arising from underlying tissue: muscle, bone, and other 
connective tissue. 


Scientific name--A scientific name made up of the genus and species. 
Sometimes the variety or subspecies is included. This name is more 


reliable and more universal than common names. The names are based on 
Latin or Greek. 


Sediment--Organic matter or soil that settles to the bottom of a liquid. 
Sedimentation--The process or action of depositing sediment. 


Selective pesticide, specific pesticide--A pesticide that will control only 
a few pest species and is not as poisonous to other plants and animals. 


Sensitive species--Those species that have appeared in the Federal Register 
as proposed for classification for official listing as endangered or 
threatened species or that are on an official State list or are recognized 
by the Regional Forester to need special management to prevent them from 
becoming endangered or threatened. 


Shock--The severe reaction of the human body to a serious injury. It can 
result in death if not treated, even if the injury itself would not. 


Shrub--A plant with persistent woody stems and relatively low growth form; 
usually produces several basal shoots as opposed to a single bole; differs 
from a tree by its low stature and nonarborescent form. 


Signal word--Word that must appear on pesticide labels to show how toxic 
the pesticide is. The signal words used are "Danger-Poison," "Warning," or 
"Caution." 


Sister chromatid exchange assay--Mutation assay designed to evaluate an 
alteration in the normal exchange of genetic material. 


Slash--Woody debris left after logging, pruning, thinning, or brush 


cutting. It includes logs, chunks, bark, branches, stumps, and broken 
small trees or brush. 
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Soft tissue sarcoma (STS)--Cancer arising from soft tissue (nonarticulate 
tissue). 


Soil profile--A vertical section of soil that shows all horizons and parent 
material. 


Solvent--A liquid, such as water, oil, or kerosene, used to dissolve other 
materials, such as herbicides. 


Sorption--The process of taking up or holding by either absorption or 
adsorption. 


Species (plural: species)--A morphologically, genetically, and ecologically 
defined biological entity to which a binomial and authority is given; for 
example, Potamogeton filiformis Pers., the slender-leaf Potamogeton. 


Spreader-sticker--A surfactant closely related to wetting agents that 
facilitates spreading and increases sticking of an herbicide on vegetation. 
Stand--An aggregation of trees or other growth occupying a specific area 
and sufficiently uniform in species composition, age, arrangement, and 
other conditions to be distinguishable from the forest, other growth, or 
other land cover on adjoining areas. 


Subchronic--The effects observed from doses that are of intermediate 
duration, usually 3 months. 


Subcutaneous--Beneath the skin, or to be introduced beneath the skin. 
Succession--The gradual supplanting of one community of plants by another. 


Surface water--Rivers, lakes, ponds, streams, and so forth, that are 
located above ground. 


Surfactant--A material that improves the emulsifying, dispersing, 
spreading, wetting, or other surface-modifying properties of liquids. 


Susceptible--Can be killed or injured by the pesticide at the rate used. 


Suspended sediment--Sediment suspended in a fluid by the upward components 
of turbulent currents or by colloidal suspension. 


Symptom--A warning that something is wrong. An outward signal of a disease 
or poisoning in a plant, animal, or human. 


Synergism--The harmonious action of two agents, producing an effect that 
neither could produce alone or an effect that is greater than the total 
effects of each agent operating by itself. 


Systemic herbicide--An herbicide that is moved within the plant. In a more 


restricted sense, refers to herbicides that are applied to foliage and move 
downward through living tissue to underground parts. 
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Systemic toxicity--Effects produced as a result of the distribution of a 


poison or foreign substance from the point of exposure to a distant site 
within the body. 


TLV--See threshold limit value. 


Target--The area, buildings, plants, animals, or pests intended to be 
treated with a pesticide application. 


Technical material or pesticide--The pesticide as it is first manufactured 
by the company before formulation. It is usually almost pure. 


Teratogen--A substance tending to cause developmental malformations in 
unborn human or animal offspring. Teratogenicity is the capacity of a 
substance to cause anatomical, physiological, or behavioral defects in 
animals exposed during embryonic development. 


Teratogenic--Capable of producing or inciting the development of 
malformations in an embyro. 


Teratogenisis--The development of abnormal structures in an embryo. 
Teratology--The study of malformations in organisms. 


Test animals--Laboratory animals, usually rats, fish, birds, mice, or 
rabbits, used to determine the toxicity and hazards of different pesticides. 


Threatened species--Any plant or animal species that is likely to become an 
endangered species within the foreseeable future in all or a significant 
portion of its range. The species are designated in the Federal Register 
as threatened species. 


Threshold--A dose or exposure below which there is no apparent or 
measurable adverse effect. 


Threshold limit value (TLV)--The concentration of an airborne constituent 
to which workers may be exposed repeatedly, day by day, without adverse 
effect. 

Tolerance--The amount of a pesticide that can remain on any food (plant or 
animal) that is to be eaten by livestock or humans. The tolerance is set 
by the EPA. 

Tolerant--Not susceptible to (injured by) a pesticide application. 
Toxic--Poisonous, but not necessarily fatal. 

Toxicant--A poison. 

Toxicity--A characteristic of a substance that makes it poisonous. 
Toxicology--The science dealing with the study of the adverse biological 


effects of chemicals. 
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Trade nafh--A brand naff. TM name given to a pesticide by a manufacturing 
company te identify it @ their product. 


Seed | Herbs cf 4e--the that 4s moved within the plant from the point 
of entry. 


Transloc@tion-—Tte traasfer of substances from one location to another in 
the plant body. 


Transpirat#on--The proces# by which plants take up moisture from the soil 
through their root system® and give off moisture to the air through their 
leaves (nee@les). 


Transport--Carry from on@ place to another--usually in a car or truck. 


Treated “¢-™ ilding, field, forest, garden, or other place where a 
pesticide appiied. 


Tumor--A i@w growth of tfssue that forms an abnormal mass and performs no 
physiologic functdon. {ft deually develops independently of and 
unrestrained by the no@ftah principles of biological growth. 

ug-—See microgram. 

USDA--U.S. ae Oe of Hed Miteuce. 

USDA-FS--U.S. Depaftment of Agrfculture, Forest Service. 


Vapor pressure-=The pressure at which a chemical compound will evaporate. 


Volatile--A coffpound is volatile when it evaporates or vaporizes (changes 
from a liquié te a gas) at orddnary temperatures on exposure to air. 


Volatility--The quality of evaporating readily at normal temperatures and 
pressures. 


Volatiligation--The vaporizing er evaporating of a chemical substance. 


WHO--World Héalth Organization. 


Water table-~The upper lit of the part of the soil or underlying rock 
material thet 1% whelly s@tutated with water. 


Weed--A plant growing where it iS not desired. 
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